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THE NATURE OF THE SUGAR IN FOUR CASES OF 
PENTOSURIA.* 


By ISIDOR GREENWALD. 
(From the Littawer Pneumonia Research Fund, New York University, 
New York.) 
(Received for publication, May 17, 1930.) 


Ever since the discovery of the first case of pentosuria by 
Salkowski and Jastrowitz (1) the nature of the pentose excreted 
has excited considerable interest. The first definite report was 
that of Neuberg (2) who stated that he had isolated 7-arabinose. 
Because of this report and also because of the apparent optical 
inactivity of the pentose-containing urine; it has generally been 
believed that i-arabinose is present in all cases. However, more 
recent studies indicate that the apparent optical inactivity of the 
urine may have been due to the low concentration of the sugar 
and that, at least in a number of cases (3-10), the sugar was actu- 
ally dextrorotatory. 

In fact, only Neuberg, Cammidge and Howard (11), and possi- 
bly Aron (12) have isolated from the urine any derivatives of 
i-arabinose. All of the other reported attempts at the isolation of 
the pentose or of its derivatives have indicated that the sugar was 
probably d-xyloketose (8-10, 13). This identification was made 
quite certain by Levene and La Forge (9). 

The present paper is a report of the isolation from the urine of 
four different individuals of an osazone and a p-bromophenyl- 
hydrazone having properties identical with those described by 
Levene and La Forge. A more extended study was made with the 
material obtained from the first of these cases. This included the 
liberation of the sugar from the p-bromophenylhydrazone, de- 
termination of its optical activity, and attempts at crystallization. 
The latter were unsuccessful as were, also, all attempts at the 


* Aided by a grant from the American Association for the Advancement 
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separation of the sugar from the urine without the use of the 
expensive p-bromophenylhydrazine. 

All four individuals are Jews. One is a woman; the others, 
males. Case 1 has already been reported by Margolis (14). 
For Case 2, I am indebted to Dr. Herman Sharlit and for Cases 3 
and 4 to Dr. Herman O. Mosenthal. 

In view of the association of pentosuria with migraine by 
Margolis, it is interesting to observe that our Case 2 had periodic 
headaches between the ages of 8 and 18 and that these had dis- 
appeared shortly before the presence of sugar in the urine had been 
discovered, 3 years ago. Although they were questioned in re- 
gard to this, there is no history of headache in either of the other 
two individuals. They are now 40 and 20 years old respectively 
and the condition has been known to exist for 18 months in Case 3 
and for 6 months in Case 4. 

The ratio of sugar to nitrogen in the urine of all four cases was 
about the same, 1:3 or 4. The osazones, prepared in the usual 
manner, melted at 157-160°. When recrystallized with an equal 
weight of /-xylosazone, the melting point rose to 195-202°. The 
optical properties of the osazone were determined in the first case. 

In spite of several attempts, it was not found possible to obtain 
p-bromophenylhydrazone from the urine of Case 1 by following 
the directions given by Levene and La Forge. This may have 
been due to the presence in the urine of foreign substances due 
to the ingestion of various sedatives by the patient. Several modi- 
fications of the method were tried and one was finally adopted. 
This was also employed upon the urine of the three other individ- 
uals. It is possible that the original method of Levene and 
La Forge might have been successful with these urine samples. 
It was not tried because only limited quantities of the urine were 
available. 

The method depends upon the removal of phosphate ion and 
most of the sulfate and chloride ions with neutral lead acetate, 
precipitation of the sugar with basic lead acetate and sodium 
hydroxide (Plimmer and Skelton (15)), decomposition with car- 
bon dioxide (Levene and La Forge), removal of most of the re- 
maining nitrogenous constituents with HgSO,; and Ba(OH), 
(modified from West, Scharles, and Peterson (16)), concentration 
by means of alcohol, and final separation as the hydrazone. 
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10 liters of the urine are treated with a concentrated solution of 
neutral lead acetate until no more precipitate is produced. After 
standing about an hour, most of the liquid is decanted and filtered 
through a large Buchner filter. The precipitate is then trans- 
ferred to the filter and sucked nearly dry. The suction is then 
discontinued and about a liter of water is placed in the funnel. 
This is allowed to stand overnight. Most of the water filters 
through, washing the precipitate. The suction is then again 
applied and the precipitate is pressed dry with the aid of a sheet of 
rubber, as described by Gortner (17). The filtrate is cooled to 5° 
in a freezing mixture and, while being stirred vigorously, a liter of 
a 25 per cent solution of basic lead acetate (Goulard’s extract) is 
added. The cooling and stirring are continued while 40 per cent 
sodium hydroxide is added from a pipette or burette. About 
100 ce. are required. Portions of the mixture are removed and 
filtered. The addition of the alkali is continued until further 
addition to the clear filtrate gives no precipitate. An excess of 
alkali must be avoided. At the correct point, the filtrate will give 
no precipitate upon the addition of a drop of sodium hydroxide 
solution and no color or only a trace upon the addition of thymol- 
phthalein. The cold mixture is filtered upon two large Buchner 
funnels and pressed dry, a sheet of rubber again being used. This 
filtration requires about 4 hours. The precipitate is suspended in 
about 4000 ec. of water, preferably with the aid of a mechanical 
stirrer. About 200 gm. of solid carbon dioxide are then added and 
the stirring is continued. The decomposition of the precipitate is 
rapid and its completion is announced by the sudden foaming of 
the mixture. This can easily be controlled by the addition of a 
few drops of caprylic alcohol. The mixture is then acid to litmus. 
The stirring is continued for from 30 to 45 minutes longer and the 
mixture is then filtered on a large Buchner funnel. This material 
filters rapidly. The precipitate is pressed dry and is then sus- 
pended in about 2500 ec. of water and again stirred with carbon 
dioxide. After 30 minutes, or longer, the mixture is filtered and 
pressed dry. The filtrates are separately treated with H.S and 
are filtered, in order, upon the same fluted paper which is then 
washed with a little water. The filtrates are evaporated in vacuo 
to a volume of about 3000 cc. The nitrogen content is then de- 
termined upon | cc. portions, with 0.01 N acid and alkali. Enough 
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of a 30 per cent solution of HgSO, in 10 per cent H2SO,; to combine 
with all the nitrogen found, upon the assumption that each gm.- 
equivalent of nitrogen requires 1 mol of HgSO,, is then added and 
the mixture is cooled by the addition of ice. A hot concentrated 
solution of Ba(OH), is then added until the mixture is just neutral 
to litmus. It is then filtered, and the precipitate washed and 
pressed dry. The small amount of mercury in the filtrate is re- 
moved with H.S and the filtrate is evaporated in vacuo to about 
75 ec. It is then slowly run into 1500 ce. of absolute alcohol, 
with constant stirring. After the addition of 150 cc. of anhy- 
drous ether, the precipitate settles rapidly. It is filtered off and 
washed with a little absolute alcohol. The filtrate is again eva- 
porated in vacuo to a volume of 35 or 40 ce. and the precipitation 
with alcohol is repeated. Only a small amount of precipitate is 
now formed. This is filtered out, the volume of the filtrate is 
measured, and 1 cc. is diluted to 10 or 25 ce. for a sugar determina- 
tion by Sumner’s method (18). The remainder is evaporated 
in vacuo to about 75 ce. and is then transferred to a glass evapo- 
rating dish. p-Bromophenylhydrazine in amount equal in weight 
to the indicated “glucose” content of the liquid is added and the 
mixture is stirred until it is all dissolved. Crystallization may 
begin in a few minutes but it is usually absent. The dish is 
placed in a vacuum desiccator over NaOH for 1 or 2days. Heating 
ts unnecessary. By that time, most of the aleohol has evaporated 
and a red oil which may or may not contain crystals is left. The 
dish is filled with cracked ice and water is slowly added. As the 
oil is mixed with the ice water, it sets to a mass of crystals. Thisis 
stirred to secure thorough mixture and, after an hour or two at 0°, 
is filtered and washed with ice water. The crystals are then ex- 
tracted with alcohol-free ether until the filtrate is colorless. They 
are dried in a vacuum desiccator and recrystallized by solution in 
warm alcohol and precipitation with ice water. Extraction of the 
recrystallized material with ether generally removes a little more 
coloring matter. The yield is about 0.5 gm. of hydrazone for each 
gm. of ‘“‘sugar’’ in the original urine. This is less than was ob- 
tained by Levene and La Forge. 

The material obtained from Case 1 was identified by its melting 
point, decomposition point, and optical rotation. The other 
preparations of the hydrazone were identified merely by the melt- 
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ing and decomposition points, which remained unchanged when 
the material was mixed with an equal quantity from Case 1. 
The data are summarized in Table I and the following text. 


Effect of Bromine upon the Urine Pentose. 


Case 1.—A solution of the partly purified sugar, before the 
treatment with alcohol, contained 3.68 mg. per ce. After treat- 
ment with bromine for 2 days, it contained 3.23 mg. per ec. 

Case 2.—A solution of the partly purified sugar, after the treat- 
ment with alcohol, contained 10.4 mg. per cc. After treatment 
with bromine for 1 day, it contained 10.0 mg. per cc. 




















TABLE I. ‘ 
Data Concerning the Excretion and Properties of Pentose in Urine. 
Phenylosazone. p-Bromophenylhydrazone. 
| 
} | | l eee: Sees od 
Jase No. Nitrogen. | P * | . Mixed with 
. ” | oe enenees oe [I xylosnsone, Melting Decom posi- 
| | } point. melting point. tion point. 
| point. 
! ———eEE } a 
gm. | gm. | . Cc. c. °C. 
1 7.6¢ | 29.2 157-160 | 200-202 127-128 165 
2 72.4 17.8 154-157 | 198-200 | 130-132); . 165 
3 40.6 | 13.1 | 161-163 195-198 130-131 164 
4 | 16.3§ | 4.6 | 156-158 202 130-132 165 





* The reducing action was determined by Sumner’s method (18) and the 
apparent glucose content calculated. 

7 See Margolis (14) for variations in the ratio of nitrogen to pentose 
excretion. 

t 4600 ce. 

§ 2600 ec. 





Optical Activity of Phenylosazone. 


0.200 gm. of osazone from Case 1 was dissolved in a mixture of 
4 ec. of pyridine and 6 cc. of methyl alcohol. Read in a 1 dm. 
tube, [a] in 10 minutes was 0.25°; after 48 hours, 0.60°. 


Optical Activity of p-Bromophenylhydrazone. 


0.500 gm. of the hydrazone from Case 1 was dissolved in 5 ec. 
of alcohol. Read in a 1 dm. tube, [a] in 10 minutes was —1.87°; 
after 24 hours, +2.43°. 
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Decomposition of p-Bromophenylhydrazone. 


7.2 gm. of the hydrazone from Case 1 were decomposed with 
benzaldehyde according to the method described by Levene and 
La Forge. After extraction with ether, the aqueous solution was 
evaporated zn vacuo and then diluted to 100 cc. In al1dm. tube, 
[a] = 1.18°. Since the calculated pentose content was 3.39 gm., 
[aj;? = 34.8°. Levene and La Forge give 33.15° but state that 
this value is to be regarded as a minimum. 

The reducing action of the solution was determined by various 
methods. 1 mg. of the pentose was found to be the equivalent of 
1.25 mg. of glucose by Sumner’s method, 1.22 by Benedict’s copper 
method (19), 1.45 mg. of glucose by Benedict and Osterberg’s 
sodium hydroxide-picrate method (20), and 1.18 by their sodium 
carbonate-picrate method (21). 


SUMMARY. 


The phenylosazone and the p-bromophenylhydrazone of the 
sugar have been isolated from the urine of four cases of pento- 
suria. Their properties are identical with those described by 
Levene and La Forge and indicate the sugar to be d-xyloketose. 

The method of preparation of the p-bromophenylhydrazone 
has been modified. 
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VITAMINS IN DRIED FRUITS. 


II. THE EFFECT OF DRYING AND OF SULFUR DIOXIDE UPON 
THE VITAMIN A CONTENT OF FRUITS.* 


By AGNES FAY MORGAN anp ANNA FIELD. 


(From the Laboratory of Household Science and the Fruit Products Laboratory, 
College of Agriculture, University of California, Berkeley.) 


(Received for publication, April 16, 1930.) 


Some of the early studies on the vitamin content of dried fruits 
and vegetables are open to the objection that the products studied 
either were not commercial or were dried under conditions that 
affect adversely many qualities other than vitamins of the prod- 
ucts. This report covers a part of an investigation undertaken 
cooperatively by the two laboratories involved, and intended to 
show the effect on vitamins of some of the treatments ordinarily 
employed in successful drying. The inquiry has developed largely 
into a study of the conditions under which vitamins A and C are 
protected or destroyed. We have already reported the remark- 
ably protective effect of sulfur dioxide (1) upon the vitamin C 
of dried peaches, and have continued the study of this factor in 
prunes, apricots, and figs. Sun drying with its long continued 
slow oxidations as compared with the relatively rapid dehydration 
process at higher temperatures might be expected to bring about a 
different rate of loss or retention in those vitamins, particularly 
A and C, which have been shown to be readily destroyed by oxi- 
dation. The protective effect of sulfur dioxide upon the vitamin C 
of peaches may be due either to the acid reaction thus induced or 
more probably to the reducing character of the sulfites formed. In 
either case a similar protection of vitamin A might be expected to 
be manifest in the same fruits. Evidence on this point is presented 
herein. 

A recent publication by Cady and Luck (2) deseribes rather 


* Published with the consent of the Director of the California Agri- 
cultural Experiment Station. 
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drastic treatment with sulfur dioxide of cod liver oil, butter fat, and 
alfalfa, with subsequent testing of these materials for vitamin A. 
Cod liver oil was found to have lost most of its vitamin A after 
treatment with sulfur dioxide for 15 minutes to 2 hours at 20- 
100°, but butter fat treated with the gas at 60° for 2 hours had lost 
but little, and alfalfa or spinach alcohol extracts treated with sul- 
fur dioxide for 1 hour at 60° had apparently suffered no loss of 
vitamin A. The treated foods were incorporated in the basal diet, 
so that intake of the vitamin-containing materials was irregular. 
The difference between the effects upon cod liver oil and the other 
foods might well be due to autooxidation of the vitamin induced 
by the catalytic action of some constituent of the basal diet in the 
fashion observed by McCollum, Simmonds, and Becker (3) as 
due to ferrous sulfate, and by Mattill (4). Such catalysis might 
be conceived of as possible only in the presence of any sulfite 
compound formed by the sulfur dioxide treatment. Feeding 
of the foods to be tested in separate doses should obviate this 
uncertainty to some extent. 

Since, as Anderegg and Nelson (5) have shown, water and ethyl 
alcohol tend to decrease the rate of autooxidation and unsaturated 
fatty acids to increase it, both butter and alcoholic extracts of 
alfalfa would be more resistant to such action than cod liver oil. 
It seems unnecessary, therefore, to postulate a difference in nature 
of the vitamin A of cod liver oil from that in butter and alfalfa 
to explain the observed difference in effect of sulfur dioxide when 
such striking oxidative differences have been shown to be due to 
the catalytic action of accompanying substances present in 
perhaps minute amount in the basal ration. The varying results 
obtained by Duliére, Morton, and Drummond (6), by von Euler, 
von Euler, and Karrer (7), Moore (8), and Hume and Smedley- 
Maclean (9) on the vitamin A activity of purified carotene crystals 
may be due to similar variations in the oxidative action of the 
fatty carriers of the carotene. The differences seen by Sherman, 
Quinn, Day, and Miller (10) between the amount of destruction of 
vitamin A in olive oil extracts of butter fat and of spinach when 
heated under anaerobic conditions may also be ascribed to possible 
differences in catalysts present rather than to differences in 
stability of the vitamin. 

The vitamin A content of preserved food samples is no doubt de- 
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termined partly by the catalytic effect of other substances natu- 
rally present in the foods as well as by the vitamin value of the 
fresh specimen. It is probably useless to expect, then, that similar 
preserving processes will yield products of like vitamin A retention 
from foods of different composition. As will be shown later, exam- 
ples of such divergences were found among the fruits here reported 
upon. 

Preparation and Chemical Examination of Fruit.'.—All fruit 
samples, both fresh and dried, were gathered, dried, sealed, an- 
alyzed, and stored under the supervision of W. V. Cruess and P. 
F. Nichols of the Fruit Products Laboratory. Dried fruit samples 
were stored at 0°. 

The peaches used were of the 1927 crop, Muir variety, grown 
near Walnut Creek, California, and were prepared by sulfuring, 
dehydration, or sun drying as previously described (1). The 
fresh fruit was ground and frozen. The prunes were of the 1928 
crop, French variety, and were grown near Edenvale, California. 
The lye-dipped prunes were immersed for about 5 seconds in a 
practically boiling 0.5 per cent lye solution, followed by spraying 
with fresh water. The apricots, also of the 1928 crop, were of the 
royal variety and were grown near Watsonville, California. All 
dehydrated fruit samples were dried in a tunnel drier at tempera- 
tures increasing from about 49-71° as drying progressed, relative 
humidity similarly decreasing from 70 to 20 per cent, and with a 
constant air velocity of approximately 500 feet per minute. The 
time required for dehydration varied with the different fruits, 
ranging from 20 to 30 hours as shown in Table I. 

The moisture content of the fresh fruit and of the dried peaches 
and apricots was determined by oven drying in vacuo at 70° for 
12 hours, and of the dried prunes by the xylene distillation method. 
To allow for the presence of pits in the dried prunes an arbitrary 
adjustment of 1 per cent additional moisture was made. 

The sulfur dioxide content of all dried samples was found by dis- 
tillation with HCl into iodine, a modification of the official method 
of the Association of Official Agricultural Chemists (11). 


1 The preparation and analysis of the samples were carried out by W. Y. 
Fong, P. F. Nichols, and H. M. Reed of the Fruit Products Laboratory, 
except that the moisture and sulfur dioxide determinations upon the dried 
prunes were made by R. S. Hiltner and B. E. Hatherell of the Dried Fruit 
Association of California. We are indebted to this Association also for 
the fruit and for other support of this investigation. 





TABLE I. 
Preparation and Composition of Fruit. 


Vitamin A in Dried Fruits 





Method of preparation. 


Muir peach-| F Cut, pitted, ground, sealed cold | 


es, 1927 
crop. 
‘“ ‘“ | D 





| 
“ 


“ “ec 





| 
Elberta | LS| Cut, pitted, ground, placed in | 


in 8 oz. tin containers, frozen | 
and kept at —17°. 


Cut, pitted, sun-dried 8 days, | 


dried in stack 6 days. 
a a SD} Cut, pitted, sulfured overnight, 
sun-dried 8 days, dried in 


stack 6 days. 


E | Cut, pitted, dried in dehydrator 
| at 63° for 20 to 24 hrs. 

SE| Cut, pitted, sulfured overnight, 
dried in dehydrator at 63° for 


20 to 24 hrs. 
peaches, small glass jars, evacuated, | 
1928 crop. | filled with carbon dioxide, | 
| frozen, and kept at —17°. 
French 10 | Cut, pitted, ground, sealed cold 
prunes, | | in8oz. tin containers, frozen | 
1928 crop. | and kept at —17°. 


« «| 11 | Dehydrated whole for 30 hrs. at | 
| 72° average temperature for | 
30 hrs. after lye dipping, | 


| 


night. 
* sg 12 | Same as for 11, but without 
| sulfuring. 
“ “ 13 | 
dipping. 
_ ai 14 | 
| 
| | 
ac “ 15 
| 





| 


washing, and sulfuring over- 


Same as for 11, but without lye 


Same as 13, but sun-dried for 7 
days, held in stack for 7 days, 
instead of being dehydrated. 

Dehydrated whole for 30 hrs., | 
without previous lye dipping 


or sulfuring. 





| 
| 





Moisture. 


per cent 


79.5 


19.1 


16.0 


19.8 








| 
| 
| 
| 
| 





s| |4 

3| |% 

= | = 

4 | : 

parts 

per 

| mil- 

| | lion 
} | 
1.00 

3.93) 4.2 


4.14) 3.6) 1875 


3.96 








2.17| 3.2| 1980 


2.18} 3.2) 1020 





2.15} 3.1) 1005 








2.10 3.3) 
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TABLE I—Concluded. 





| 
Fruit. Lot. | Method of preparation. 
! 
' 
| 


French 
prunes, 


1928 crop. | 


“ “ 


Royal apri- | 
cots, 1928 | 


“ “ 


“ “ 


16 | Sun-dried 7 days, kept in stack | 
7 days, without previous lye | 
| dipping or sulfuring. 

| Lye-dipped, washed, sulfured | 

| overnight, sun-dried 7 days, 

| held in stack 7 days. 

18 | Same as 17 except that saltasing| 

was omitted. 

5 | Pitted, ground, sealed cold in 

8 oz. tin containers, frozen, | 
and kept at —17°. 

S| Another fresh sample. Pitted, | 

ground, placed in small glass | 

jars, evacuated, filled with | 
carbon dioxide, frozen, and | 
| kept at —17°. | 

1 | Cut, pitted, sulfured 3} hrs., | 

dehydrated 2 hrs. at 72° 

| average temperature. 
Cut, pitted, sulfured 30 min., 
| dehydrated 24 hrs. at 72° | 
average temperature. 

Cut, pitted, dehydrated 24 hrs. 
at 72° average temperature. 
Cut, pitted, steamed 3} min., 

| sulfured 20 min., dehydrated 

| 24 hrs. at 72° average tem- 
perature. 

6 | Cut, pitted, sulfured 24 

sun-dried 11 days. 

7 | Same as 6, but sulfured only 30 
| min. | 


— 
~I 


i 
eZ 





to 


| 
3 | 





o~ 


hrs., 


Moisture. 


17.0 


22.6 


16.3 


19.0 


17.5 


| Net shrinkage. 








4.85 


4.53 


4.89 


4.73 


4.82 











13 
ante 
per 
| mal- 
| lion 
3.6 
2.6) 2695 
3.2 
| 3. 3 
2.4, 515 
2.9} 125 
3.2} 100 
3.2} 80 
3.3} 700 
3.1) 470 








The pH of fresh and rehydrated dry samples was determined by 


the hydrogen electrode upon the pulp. 


As may be noted in Table 


I, sulfuring usually, but not invariably, decreased the pH of the 


fruit. 
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Certain vitamin A values for 1928 Elberta peaches and royal 
apricots obtained by Laura Lee W. Smith in this laboratory upon 
samples grown at Davis, California, are included among our re- 
sults for purposes of comparison. These samples were both of the 
fresh frozen type and differed from the others reported in that they 
were sealed in small jars, prepared by evacuation and release with 
carbon dioxide before being frozen in order to decrease the danger 
of oxidation. 

Methods of Testing for Vitamin A.—The methods of testing for 
vitamin A used in this study were not markedly different from 
those which have now become usual for quantitative comparisons 
of vitamin content of foods. Rats from our own colony, reared 
by mothers fed a constant stock diet which had been used for 
several generations of animals, were placed at 21 days of age upon 
a vitamin A-free basal diet. This diet consisted of baked and al- 
cohol-extracted casein 18 parts, irradiated Crisco 5, agar 2, salt 
mixture? 4, dextrin 71. In addition, 0.5 gm. of dried yeast was 
given separately to each rat daily. The fruit doses were weighed 
out accurately, made into pellets with a little of the basal ration 
and fed separately. In most cases the fruit was fed in three or 
four doses per week, although in a few cases the entire amount for 
the 56 days was given in one or two doses at the beginning of the 
period. The latter procedure was found to be undesirable, how- 
ever, and to give less favorable findings than the usual daily or tri- 
weekly feeding. 

The feeding of curative fruit doses was begun only after the usual 
signs of vitamin A deficiency had become evident. The period 
required for the production of these symptoms varied from 25 to 
35 days. Ophthalmia occurred in practically all cases. The 
fruit feeding period was 56 days in length, and an attempt was 
made to obtain graded growth response to graded dosage. The 
standard unit chosen was that amount of fruit which produced an 
average weekly increase of weight of 6 to 8 gm. for the 8 weeks of 
observation. This rate of growth was chosen rather than the 3 
gm. weekly advocated by Sherman and Munsell (12) because rats 
maintained at the latter rate are apt to be seriously affected by 
intercurrent and accidental results of their extremely low vitamin 
A margin. 


* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 
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Postmortem examinations of all animals were made, particu- 
larly as to the condition of the stomach, kidneys, throat, and ears. 


TABLE II, 
Vitamin A in Fresh and Dried Peaches. 


















































Ll, | aw “i ls23 | 8 
| 318 | weights. | ® | (BEE | 
2/5 | 7} H n |o ~ eo | 
a: 4 a || 5, les S 
|e }8 § 3 
Pan s.| 3) : g68 | z 
._ | Se. et |i g =| g8 24! Se 
z |2zala| seis . S55] SS 
= (2/)8ie5) 2) 2] 88/5 g fees 26 
> ja l|sja|Slmi< Z | ) i= > 
| mg.| mg. gm. | gm.| gm | | mg. | per cent 
| | | 
Fresh Muir | F 100/100, 47| 88| 5.1) 4| 1 ophthalmie.| 160| 100 
peaches, ‘160/160 49) 100 6.4) 4 Normal. 
1927 crop. | 200/200] 107/ 173) 8.2:2/| « 
| | | 
Unsulfured, E | 34/135) 104) 95)—1.0) 2 | 1 ophthalmic. |>178 |About 
dehydrated pe je 69} 96) 3.3) 3 | 2 ” | 50. 
Muir | 45178) 59) 92) 4.1)4/1 “ | | 
peaches. Fe a | | 
meee 
Unsulfured, | D | 34/133) 105) 151) 5.7| 2 | l ophthalmic. | 177 90 
sun-dried | 40157) 38) 72) 4.5) 2) 1 “ | 
Muir | | 45/177| 54] 114) 7.5) 4. | Normal. 
peaches. | | | | 
Sulfured, de- SE| sil140 110) 167; 7.1) 2 | Normal. | 140; 100 
hydrated | 40/164 62} 117} 6.93); “ | 
Muir | 45/185 72| 126] 6.8) 4 | ” 
peaches. | 
| | } j 
Sulfured, sD 34/141) 156] 139|—2.0| 1 | 1 ophthalmic.| 186 86 
sun-dried | 40|165, 51) 89} 4.7) 3 | Normal. 
Muir | 451186 50| 100' 6.2)2| “ ; | 
peaches. | | | | 
| 
Fresh El- — LS| 50) 50; 40) 76) 4.5) 4| Normal. | 100 | 100 
berta peach- 100100) 50; 107, 7.1/4 - | 
es, 1928 | (200/200; 46 116) 8.7/4) “ | | 
~» | fTit = 





Abscesses in throat and ears were commonly found in the rats 
which had died of the deficiency. Abnormalities in the kidneys 
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crop. 


| Freneh prunes, 192 


Fresh. 


Lye-dipped, 
sulfured, de- 
hydrated. 


Lye-dipped, 
unsulfured, 


Vitamin A in Dried Fruits 


Vitamin A in Fresh and Dried Prunes. 


dehydrated. 


Not lye-dip- 
ped, sul- 
fured, de- 


hydrated. 


Not lye-dip- 
ped, sul- 
fured, sun- 
dried. 


Not lye-dip- 
ped, unsul- 
fured, de- 
hydrated. 


Not lye-dip- 
ped, unsul- 
fured, sun- 
dried. 


| Lot No. 


alent in fresh 





Amount fed daily 


50 108 
75 161! 


14 


15, 50 105) 
| 75/160) 
'100|210) 
200 420 


16 50 107) 
| 75,160, 
100 213 
110 232) 
120 252 


| No. of rats used. 
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TABLE II. 


| Condition of eyes. 


1 ophthalmic. | 


1 “é 
1 aa 


3 ophthalmic. 
Normal. 
1 ophthalmic. 
2 ae 


Normal. 


| 1 ophthalmic. 


Normal. 


2 ophthalmic. | 


2 ophthalmic. 


4 ae 
2 ae 
Normal. 
2 ophthalmic. 
1 “e 
l ae 
1 “ce 
1 ae 


Average | “ 
weights. a 
nical ae 
ai. tae 
— =i< 
gm. | gm. | gm. | 
81 145 8.0 
76 153, 9.4 
67, 128 7.6 
98 169! 9.1 
63, 148; 10.6 
94, 123) 3.4 
69 117| 6.0 
79 132 6.8 
89 114, 3.3 
84 118) 4.3 
94, 135) 5.0 
86, 138) 6.5 
94 143) 6.1 
94 143) 6.1 
re 
93, 103} 1.2 
80' 130) 6.2 
91 76-1.7 
93, 106, 1.6 
88 92) 0.5 
86 149] 7.9 
j | 
78) 105) 3.4 
71, 104) 4.1) 
104 149) 5.6 
80, 138, 7.2 
93 


Minimum daily dose | 


151) 7.2 


to provide 6 gm. 


gain per wk. 


mg. 


100 


109 


240 


110 


161 


420 


232 


| 
| 
| 
| 


Retention of vitamin | 
A of fresh fruit. 


per cent 


s 


91 


41 


91 


24 


43 
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TABLE I1—Concluded. 


















R < | a £ 
E ale |. ‘ | weights. | = E 
Pa = = > | 2 =35 
Sie | 3 Po } e r= 
5 wile | - 3 | = Sa 
5 | (fis | zl é He sé 
te 2 s| a\q\¢ e 
| mg. ng! | gm. | gm.| gm. | mg. | percent 
Lye-dipped, 17 50 110) 4 | 2 ophthalmic. | 107, 124 2.1 165 60 
sulfured, | 75/165) 5 1 " | 89 143 6.8 
sun-dried. 100 225 1 | Normal. = 154 8.1 
Lye-dipped, 18, 50,111 4 | 2 ophthalmic. | 85 115, 3.7 222 45 
unsulfured, 75 167| 4 | 2 oi | 92) 139) 5.7 
sun-dried. 80176 4 | Normal. | 81) 126, 5.7 
85 188! 3 | " | 83 128 5.6 
100,222 4 | 1 ophthalmic. | 74) 134 7.5 





and crater-like tumors in the stomachs were also present in the 
vitamin A-low cases and occasionally even in those which had ap- 
parently resumed nearly normal growth. The persistence of slight 
ophthalmias was seen likewise in a few cases which had otherwise 
all indications of vitamin A normality. 

The method of estimating per cent retention of vitamin A used 
in Tables II to IV, is somewhat arbitrary, since it is based upon the 
assumption that average increases in body weight are correlated 
with similar vitamin A intakes. The dose of the frozen fresh fruit 
which permits at least 6 gm. gain per week for 8 weeks is taken as 
the vitamin A unit and is considered to represent 100 per cent of 
the vitamin A content of this fruit. The dose of the dried fruit 
product, calculated as its fresh fruit equivalent, which allows a 
similar gain in weight is looked upon as containing a similar amount 
of vitamin A, and the ratio between the weight of the frozen fresh 
fruit dose and that of the dried product equivalent in fresh weight 
is taken as the ratio of loss of vitamin A. The resulting per- 
centages are only roughly indicative of the changes which have 
occurred and are reliable only when consistently graded growth 
has been obtained from graded doses of the fruit. 
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TABLE IV. 
Vitamin A in Fresh and Dried Apricots. 
a — : , 
x \% Average ~< 
- Sif |. i weights. | = 
% |3le 3 s se 
ad 318 lesis = ai.| Se 
Se ~ | hse z 3/12/65 
a= {8 /sixi2 3 g/a|=" 
hen sai mg. mg. | om. | gm. gm. | 
Fresh. 5 | 25) 25.3 Normal 92 151, 7. 
50) 50) 5 . 66 | 144 9. 
100 100 4 “ 60 | 131 8. 
150150) 3 “ | 68 | 149 10. 
; | | ff | | 
Sulfured, de- | 1 | 10 48 2) 1 ophthalmic. | 53) 75) 2. 
hydrated. | 20, 95, 4 | Normal. | 58 110 6. 
| 30143 25° (51) 1u 7, 
| ! | | 
| | | 
Sulfured, de- | 2 | 5 24 2/ 1 ophthalmic.| 73 | 99 3 
hydrated. | 10) 49 4 | Normal. | 63 | 113 6. 
20, 97| 3 . 60/117 7. 
| 30146 2 “ 70 | 128 7. 
| | | | 
Unsulfured, 3 | 10, 45, 2 | 1 ophthalmic. | 68 | 101 4. 
dehydrated. | 20) 90 4 | Normal. 65 | 97 4. 
| 30135) 5 | 2 ophthalmic. | 86 | 127 5. 
| 3557, 4/1 =“ 89 | 159 8. 
| 40170 2) 1 5 72) 149 9. 
| | | | 
} | 
Sulfured, de- | 4 | 10 49 4 | Normal. 68 | 118) 6. 
hydrated, | 20) 98)9/ « 71| 110 5. 
steamed 3} | 251233)“ | 86 | 139 6. 
min. | 30147, 3 1 ophthalmic. | 73 | 140 8. 
Sulfured, 6 | 10 47) 3| 1 ophthalmic. | 81) 99 2. 
sun-dried. | 20) 95| 4 | Normal. | 62 | 106; 5 
| 25/118 4 | 1 ophthalmic. | 87 | 151 7. 
| 30,142, 2 | Normal. 58 7 7. 
| ol acl | bal 
Sulfured, 7 | 10) 48) 3 | Normal. | 62; 80) 2. 
sun-dried. | 20| 96 4/1 ophthalmic. | 76 | 111) 4. 
| 30144 5 | Normal. | 79 | 130, 6 
| 40'192) 2 “ 68 | 153) 10. 
Fresh (an- | LS 50| 50, 4 Normal. 52) 119 8. 
other | 100/100 4 es | 82 | 164) 10. 
3 . 181 12. 
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DISCUSSION. 


Peaches.—The sulfured peach products, as shown in Table IT, 
both dehydrated and sun-dried, appeared to contain almost the 
whole, 86 to 100 per cent, of the vitamin A present in the corre- 
sponding fresh fruit. The unsulfured sun-dried fruit likewise 
retained about 90 per cent of the vitamin, but the unsulfured de- 
hydrated product appeared to have lost nearly 50 per cent. This 
latter figure is only approximate since a large enough dose was not 
given to obtain the standard minimum weight increase of 6 gm. 
per rat per week. The same relation was observed in the cor- 
responding prune preparations. Of course, the higher tempera- 
tures used in dehydration may in the absence of the protecting 
sulfur dioxide have proved more destructive than the sun drying 
temperatures. 

There is apparently little danger of loss of the vitamin A of yel- 
low peaches by either sun drying or dehydration, just as there is 
little loss of vitamin C in the sulfured peaches (1). The reason 
for this immunity to the usual loss from oxidation may reside in a 
low oxidase content of the fruit or in the absence of other auto- 
oxidative catalysts. 

It is interesting to note the correspondence between the amount 
of yellow pigment and of vitamin A present in the fresh peaches. 
The Muir peaches (Lot F) were a rather pale yellow in color as 
compared with the deep orange-yellow of the Elberta peaches 
(Lot LS), and the vitamin A content of the latter as found by 
Laura Lee W. Smith in this laboratory is definitely greater. 
White peaches preserved and tested similarly were found to be al- 
most wholly lacking in the vitamin. These findings are in line 
with the recent claims of von Euler, von Euler, and Karrer (7) and 
of Moore (8) that purified carotene is effective in minute quantities 
as a source of vitamin A. 

Prunes.—It is clear that sulfur dioxide is of some value in pre- 
serving the vitamin A of prunes, for the two sulfured varieties in 
the dehydrated (Lots 11, 13) and in the sun-dried (Lots 14, 17) 
products show higher retentions than do the unsulfured fruit. 
These results are shown in Table III. But of even more impor- 
tance is the choice of dehydration instead of sun drying if sulfuring 
is used, since both dehydrated sulfured products retain 91 per 
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cent of the vitamin A as compared with 60 and 62 per cent retained 
by the sun-dried sulfured fruit. However, again asin the peaches, 
when sulfuring is not used, sun drying leaves more vitamin A in 
the fruit, 57 and 45 per cent, than does dehydration, 41 and 24 per 
cent. 

The effect of the lye dipping of prunes, which is the common 
commercial practice, upon vitamin A retention is not marked, 
although the dipped unsulfured prunes appear to have a higher 
content of the vitamin than do the corresponding undipped prod- 
ucts. This is not the same as was found with regard to vitamin 
C retention,’ for the undipped sulfured prunes were found to have 
lost more of their original antiscorbutie property than did the lye- 
dipped sulfured fruit. Since all unsulfured fruit was without 
vitamin C value, the effect of the dipping in those cases was in- 
discernible. Apparently the lye dipping promoted vitamin C 
retention, through its effect upon the sulfuring, since the cracked 
surface of the dipped fruit absorbed more sulfur dioxide than did 
that of the undipped fruit. This is evident from a comparison of 
the figures for sulfur dioxide in the four sulfured products, Lots 
11, 13, 14, and 17. The dipped prunes, Lots 11 and 17, show 2 
to 3 times as much sulfur dioxide as do the corresponding undipped 
prunes, Lots 13 and 14. But the order of vitamin A retention is 
Lots 11, 13, 14, and 17, instead of Lots 17, 11, 13, and 14, as it 
should be if sulfur dioxide retention alone governed the vitamin 
A protection in the same fashion that it governs vitamin C pro- 
tection. 

As shown in Table V, sulfured dehydrated prunes have almost 
all of the vitamin A of the fresh fruit, sun-dried sulfured prunes 
about 60 per cent, and unsulfured prunes both dehydrated and sun- 
dried, 45 to 24 per cent. 

The pH of the prune and apricot samples varied surprizingly 
little, the sulfured samples showing, as might be expected, slightly 
lower figures, and Lots 17 and 1, which were most highly sulfured, 
the lowest of all. 

Apricots.—As shown in Table IV, an astonishingly large amount 
of the vitamin is present in fresh apricots and in all dried apricots, 
even though a large loss of vitamin A occurs in the dried products. 


3 Results to be published later. 
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Again the sulfured products seem to retain more than do the un- 
sulfured, but the actual amount of sulfur dioxide present in the 
fruit appears not to be the governing factor. The unusual con- 
tent of vitamin A in apricots is of interest in connection with the 
excellent hemoglobin regeneration produced by this fruit, as 


observed by Robscheit-Robbins and Whipple (13). 





TABLE V. 


Summary of Vitamin A in Dried Fruits. 





| 


Method of preparation. 



































; | | Vitamin A of 
Fruit. Lot. | : | fresh fruit 
| SWtheivatine, | Sulfurdioxide. | Lye dipping. |  Tetained. 
| parts per million | per cent 
Peaches. | SE | Dehydrated.| 1840 | | 100 
D | Sun-dried. Unsulfured. | | 90 
sD * 1875 | 6 
E | Dehydrated. | Unsulfured. | 50 (about). 
Prunes. 11 Dehydrated. 1980 Dipped. 91 
13 | 1020 Not dipped.| 91 
14 | Sun-dried. 1005 - - |S 
17 “ 2695 Dipped. 60 
18 | “ Unsulfured. “ 45 
16 | vs a Not dipped.) 43 
12 | Dehydrated. " | Dipped. | 41 
15 “ os | Not dipped.| 24 
Apricots. | 2 | Dehydrated. 125 | 51 
gy . 515 | 26 
) 4 | “ | 80 20 
| (steamed). 
6 | Sun-dried. | 700 | 21 
7; * 470 (16 
| 3 | Dehydrated. 100 (16 
| (unsulfured).| 








The quantities of sulfur dioxide found in the apricot samples were 
lower than were expected, particularly in the samples which were 
thought to be heavily sulfured. None of the apricots was sul- 
fured overnight as were the peaches and prunes, and consequently 
less sulfur dioxide was retained by the former fruit. Sulfuring 
periods of 20 minutes to 3} hours are long enough to produce satis- 
factorily bleached apricots but apparently not long enough to 
insure complete protection of vitamin A. Similar results were 
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encountered in the tests for vitamin C in this fruit. The dis- 
crepancy between the retention of vitamin A in Lots 1 and 2 is sur- 
prizing since amount of sulfuring and pH of the former product 
would lead one to expect it to be superior instead of inferior to the 
latter. The difference may not be significant, however. 

Sun drying involves greater loss than does dehydration when the 
sulfuring process is used. Since the one unsulfured apricot prod- 
uct, Lot 3, happened to be dehydrated, it is impossible to say 
whether the curious exception to the superiority of dehydration in 
unsulfured fruit noted in the peaches and prunes is true of apricots 
as well. 

The losses of 49 to 84 per cent of the vitamin in the drying of 
apricots may well be connected with the unusual air retention seen 
in the frozen fresh fruit. As will be shown in a later report, the 
fresh frozen apricots lost much of their antiscorbutic property 
when frozen without previous evacuation and at the same time on 
thawing gave off a considerable amount of gas, apparently largely 
air. Similar losses were not encountered in the frozen fruit used 
for vitamin A determination even when compared with the re- 
sults of determinations upon royal apricots, Lot LS, frozen after 
evacuation. This might be taken to indicate less susceptibility 
to autooxidation by the vitamin A than the vitamin C, or perhaps 
the presence in this fruit of catalysts peculiarly active in regard to 
the latter vitamin. 

The possible réle of the ultra-violet portion of sunlight in pro- 
moting oxidations of both vitamins A and C must be considered 
in evaluating the effects of sun drying. The antioxidative effect 
of the sulfur dioxide appears to function under these circum- 
stances, however, since the sun-dried products were richer in vita- 
min A than were the dehydrated ones without sulfur, but the oppo- 
site was true when sulfur was used. 

Effect of Storage-—After 12 to 14 months storage at 0° several 
of the dried prune and apricot products were retested in order to 
fill in the series of graded dosages. The products thus examined 
were Lots 12, 15, 16, and 18 of the prunes and 3 and 4 of the apri- 
cots. As may be seen in Tables III and IV, the results fell into 
line quite acceptably with the results recorded at least a year 
previously upon the same samples. The prune doses used in the 
second series were 110 mg. of Lot 12, 200 mg. of Lot 15, 110 and 
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120 mg. of Lot 16, and 80 and 85 mg. of Lot 18. The apricot 
doses were 35 mg. of Lot 3 and 25 mg. of Lot 4. It is fair to as- 
sume probably that no losses of vitamin A are likely to occur on 
long storage of these dried fruits at 0°. 

The actual quantity of vitamin A in the frozen fresh apricots 
is surprizingly large. Results obtained by the same methods (14) 
in this laboratory appear to show that the apricots are 4 or 5 
times as active as tomatoes and to compare favorably with such 
rich sources of the vitamin as egg yolk, butter, and spinach (15), 
even when the values of the latter are expressed in terms of the 
smaller unit, 3 gm. growth per rat per week, used by Sherman and 
Munsell (12). In consequence, even the least successful of the 
drying processes left a good proportion of vitamin A in the apricot 
products. 

The yellow peaches are about one-fourth as rich in vitamin A as 
are the apricots and in the case of the Elberta variety appear to be 
almost identical in value with tomatoes. The paler Muir peach 
has about two-thirds the vitamin A value of the Elberta. The 
dried peach products on the other hand proved to be almost as 
rich in the vitamin as the dried apricots because of their almost 
perfect protection of the vitamin during the drying processes. 

The prunes, contrary to our earlier expectations, appeared 
to be fully equal to the Elberta peaches in vitamin A value. 
Tests upon this fruit are being made to discover the carotenoid 
content of the pulp in pursuance of the question as to the identity 
of carotene and vitamin A. 

Compared with tomatoes (14) tested by the same criteria, and 
bananas (16) and lettuce (17) by the less severe standards of 
Sherman and Munsell, both Elberta and Muir peaches and French 
prunes are considerably the richer sources of vitamin A. 

It is interesting to note that the conditions which have been 
found to favor retention of both vitamins A and C in dried fruit 
products are just those which popular prejudice and even official 
regulation have heretofore frowned upon. Indeed, there are to be 
found among so called “health foods” now on the market, high 
priced special preparations of sun-dried and unsulfured fruits. 
The sulfured dehydrated fruits on the other hand, have here been 
found without exception to be superior in vitamin retention. 











Vitamin A in Dried Fruits 


SUMMARY. 


1. The vitamin A content of frozen fresh and variously dried 
samples of peaches, prunes, and apricots was determined by 
uniform biological technique. 

2. The sulfured dehydrated fruit in all cases appeared to retain 
the largest proportion of the vitamin, but this retention was not 
found to be directly related to the amount of sulfur dioxide in the 
fruit. 

3. Of the unsulfured fruit, the sun-dried specimens of prunes and 
peaches showed better retention of vitamin A than did the cor- 
responding unsulfured dehydrated products. The more destruc- 
tive effect, in the absence of the protective sulfur dioxide, of the 
higher temperatures used in dehydration is the only explanation 
of this divergence offered. 

4. Lye dipping of the dried prunes seemed to exert no effect 
upon vitamin A retention. 

5. The amount of destruction of vitamin A produced by com- 
parable methods of preservation varies widely in the three fruits. 

The vitamin A of peaches seems little affected by any of the dry- 
ing processes, 86 to 100 per cent being retained in all cases. The 
vitamin A of prunes is more labile, 24 to 91 per cent being retained, 
and that of apricots still more easily affected, only 16 to 51 per 
cent of the fresh fruit value being present in the dried preparations. 
However, the dried apricots which had lost the greatest propor- 
tions of their fresh fruit vitamin A content were still absolutely 
richer in this vitamin than the best of the peach and prune prod- 
ucts. Differences in amounts and kinds of oxidative catalysts 
present in the fruits are thought to account for these variations. 

6. Storage of both sulfured and unsulfured apricots and prunes 
at 0° for a period of more than a year brought about no detectable 
loss of vitamin A content. 

7. The vitamin A content of two varieties of yellow peaches. 
of prunes, and of apricots is shown to be relatively large, that of 
the apricots comparing favorably with the best figures reported 
for spinach, egg yolk, or butter. The peaches and prunes had less 
vitamin A than the apricots but as much or more than tomatoes, 
bananas, or lettuce. 
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ON WALDEN INVERSION. 


XIV. THE INFLUENCE OF SUBSTITUTING GROUPS ON OPTICAL 
ROTATION IN THE SERIES OF DISUBSTITUTED ACETIC 
ACIDS CONTAINING A PHENYL GROUP. 


By P. A. LEVENE, L. A. MIKESKA, ann KURT PASSOTH. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 
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In a previous communication (1) we discussed the influence of 
substitution in a series of disubstituted acetic acid derivatives of 
the aliphatic series. In this series each substance contained only 
one group of significant polarity. In the present paper observa- 
tions are presented on the derivatives of disubstituted acetic acids 
in which one of the substituting groups is aromatic, hence con- 
tains an additional polar group. The observations on this series of 
derivatives are of special importance as an aid for the interpreta- 
tion of observations previously made on substitutions in secondary 
carbinols of mixed aliphatic-aromatic character. The substitution 
of the hydroxyl group by a halogen in the carbinols of that class is, 
under certain conditions, accompanied by Walden inversion. To 
be able to correlate configurations of the carbinols and halides is of 
fundamental importance for the purpose of singling out the cases 
in which a reaction of substitution is accompanied by Walden 
inversion. 

In the case of the derivatives of dextro-disubstituted aliphatic 
acetic acid, the values of rotations descended with the changes 
in polarities of the substituting groups in the following order, 


C=N > COOC:H; > COOH > CONH; > COCl > CH,SO;H > CH.X > 
CH.SH > CH.0OH > CH:NH, 


the direction of rotation being turned to the left for the carbinols and 
for the amines. It is self-evident that for the levorotatory series 
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the changes of rotation should be of descending numerical value, 
becoming dextrorotatory for the carbinols and for the amines. 

The events in the mixed aliphatic-aromatic series are markedly 
different. If the rotations of the first member of the series, namely 
dextro-phenylmethylacetic acid, and of the more significant deriva- 
tives of it are compared, the following descending order is ob- 
served. 


+ + - 
—COOH > —CH,0OH > —CH:X > —C=N 
I, 


Comparing these changes in rotations with those observed in the 
same derivatives of the dextro acids of the aliphatic series, one 
finds the order of change for —C = N, CH2X, CH,OH, reversed. 
The question arises whether the two acids and their derivatives 
are configurationally of similar or of opposite series. With some 
degree of probability this question can be answered by hydro- 
genating dextro-phenylmethylacetic acid to the cyclohexylmethyl- 
acetic acid. This change brought about a significant drop in the 
value of rotation but did not alter the direction of rotation. 
On the assumption then that dextro-phenylmethylacetic acid has 
an analogous configuration to dextro-ethylmethylacetic acid, which 
might provisionally be given by the following figure 


COOH COOH COOH 
NCC a HO—C.H — HC—cmn, 
CH; bn, CH; 
II. 


and as it is known that all the transformations given in Table I are 
accomplished without change in configuration, it is possible to fol- 
low the effect on rotation of the replacement of the higher aliphatic 
group by a phenyl group. The effect in the acid itself has already 
been mentioned. Another striking fact is the influence of the 
replacement in the nitrile. If the nitriles derived from the dextro- 
phenylmethylacetic acid are compared with those from the dextro- 
cyclohexylmethylacetic acids, it is noticed that the replacement 
of an aliphatic by a phenyl group brings about a change in the 
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direction of rotation. Thus dextro-phenylmethylacetic acid 
leads to a levo-nitrile, whereas dextro-cyclohexylmethylacetic 
acid leads to a dextro-nitrile, as should be the case in the dextro- 
n-hexylmethylacetic acid series. The substances derived from 
the mixed nitriles all rotate in opposite directions from those of the 
aliphatic series, the only exception being the amine which, in the 
case of 2,2-phenylmethylethylamine, rotates in the same direction, 
as should be expected in the purely aliphatic substance. 

The phenylethylacetic acid on hydrogenation to the cyclohexyl- 
ethylacetic acid shows a drop in the value of the rotation, the 
direction remaining unaltered. Again in this case the replacement 
of the higher aliphatic radical by a phenyl radical in the nitrile 
leads to a change of the direction of rotation. This, however, is the 
only derivative of phenylethylacetic acid in which the direction of 
rotation is altered. On the other hand, if the numerical values of 
the rotations are compared, the same order of change is observed 
as in the methyl series; namely, 


—COOH > —CH.0OH > —CH:X > —C=N 


The most striking difference in the conduct of the derivatives 
of the two acids is noted in the reduction of the two nitriles to the 
corresponding amines. Both nitriles are levorotatory whereas the 
amines derived from them differ in their rotations; that derived 
from phenylmethylacetonitrile is levorotatory, the levorotation 
being enhanced, and that derived from the phenylethylamine is 
dextrorotatory. It would seem, then, that in the series of deriva- 
tives which are being described here the replacement of a methyl 
group by an ethyl group might change the direction of the rotation 
of the substance. This is rather an unexpected observation. 

The dextro-phenylpropylacetic acid on hydrogenation leads to 
levo-cyclohexylpropylacetic acid (see Table II). This conduct is 
rather surprizing and somewhat puzzling. The fact that on hydro- 
genation the three dextro acids mentioned change their rotation 
in the same direction, namely towards the left, would warrant the 
conclusion that they are configurationally related in the sense 
given in figure (II), and if this assumption is correct, then it 
follows that levo-cyclohexylacetic acid is configurationally related 
to dextro-methyl- or ethyleyclohexylacetic acids. This result on 
the phenylpropylacetic acid again is unexpected and needs fur- 
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ther substantiation. In the series of phenylpropyl carbinol the 
transformation could not be carried beyond the amine because of 
racemization. Attempts at the resolution of the amine were not 
successful. 

The changes in the rotations of the derivatives of benzyl- 
phenylacetic acid could not be followed on substances obtained 
from one and the same starting material due to racemization which 
accompanied the transformation of the acid amide into the nitrile, 
the optical activity of the nitrile being so low that further trans- 
formation into optically active derivatives was no longer practi- 
cable. Fortunately, in this case it was possible to resolve the d,l- 
amine through its tartaric acid salt. 


TABLE II. 
Molecular Rotations of the Derivatives of Various Acids ({s)p). 





| Corresponding 


> rlac. ic 
Phenylacetic | cyclohexylace- 


Acid series. } . 
acids. tic acids. 
degrees degrees 

Phenylmethylacetic.......................0005. —81.8 —19.5 
ot an cng acca esa ease —130.8 —4.0 


POTION MIOOUIR So. oe viccincecceeccssecwncncs —29.0 +4.0 


The rotation of the derivatives of the acid ending with the nitrile 
showed the same character of change as in the other two acids. 
The low dextrorotation of the nitrile in ether is not due to racemi- 
zation entirely, as is seen from the fact that in 75 per cent of 
alcohol the rotation of the nitrile is reversed from that of the acid. 
The d,l-amine was resolved into its components by means of tar- 
taric acid and the active forms were not correlated with the cor- 
responding acetic acid. The rotations of the carbinol and of the 
chloride will be discussed below. Before proceeding with this dis- 
cussion, however, the fact should be emphasized that in the series of 
derivatives of phenylmethylacetic acid and of its homologues, 
the direction of rotation of substances of the same configuration differs 
from one homologue to another. These changes can scarcely be 
accounted for by the differences in the polarities of the methyl, 
ethyl, or propyl groups. 

The question of special interest to us, however, is that of the respec- 
tive rotations of the carbinols and of the halides. In this respect a 
striking uniformity is observed in the three series in which the 
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carbinols and the halides can be obtained in an optically active 
condition. The changes in rotation on passing from the dextro- 
carbinol to the halide were towards the left. In the case of 2,2-pheny]- 
methylethanol and the corresponding halide, there was a reversion 
of the direction of rotation. In the other two cases the sign of rota- 
tion was not reversed, yet the drop in the rotation of the halide 
should be interpreted in the same sense and not on the basis of 
racemization for the reason that both substances are formed simul- 
taneously by the action of nitrous acid and of nitrosyl chloride 
respectively. This change of rotation is analogous to that occur- 
ring in the derivatives of disubstituted acetic acids of the aliphatic 
series. 

These observations lend further support to the conclusion 
reached by Levene and Mikeska regarding the configuration of 
methyl-, ethyl-, and propylpheny] carbinols. It was then assumed 
that the dextro-carbinol was configurationally related to the levo- 
halide. Indeed only on this assumption is the change of rotation on 
passing from the carbinol to the halide to the left, whereas the 
change is to the right when the rotations of the methyl- or ethyl- 
phenyl! carbinols are compared, the latter being of a higher numer- 
ical value (2). 

In the case of benzylphenyl carbinol the evidence furnished 
by the present observations is less decisive in view of the uncer- 
tainty as to the numerical value of the maximum rotation of the 
benzylphenylchloromethane. 


CONCLUSIONS. 

1. There is a lack of uniformity in the direction of rotation of 
configurationally related homologous derivatives of substituted 
phenylacetic acids. 

2. All dextrorotatory substituted 2-phenylethanols so far ob- 
served on passing to the corresponding halides show a change of 
rotation towards the left. 

3. This observation supports the previous conclusion reached 


by us in regard to the correlation of the secondary aliphatic 
aromatic carbinols and of their corresponding halides. 


EXPERIMENTAL, 


Resolution of d,l-Phenylmethylacetic Acid.—88 gm. of the acid 
were dissolved in 2700 ce. of hot acetone. 192 gm. of quinine were 
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then added and the solution was allowed to stand overnight at 
room temperature. The quinine salt separated in crystalline form 
and amounted to 100 gm. 2 gm. of this salt were decomposed with 
hydrochloric acid and the rotation was determined on the acid thus 
obtained. 


— 444° x 109 
es ~ 089" Ca ct. 


23 


lalb = TX 8.112 


After repeated recrystallization from hot acetone, an acid was 
obtained which showed a rotation of 





, — 9.13° 100 “ : 
a). = wl. A Rn = —59.7°. [M]° = — 89.5° (in ether). 

. 1 X 15.304 , 

x  — 11.57° X 109 : _— 
la], = — roe ~ - = —54.2°. [MJ> = — 81.4° (in 75 per cent alcohol). 
la}, = — 59.1°. [MJ = — 96.8° (without solvent). 


On further recrystallization there was only a slight increase in 
rotation. 

The rotatory power of the acid decreased with ionization. 
When the above acid was neutralized with 1 equivalent of sodium 
hydroxide, it showed a rotation of only 


ss _ — 027° X 100 | 


[a]* = ~— tana” = 37°, [MI]; = — 6.3° (in water). 


Levo-Phenylmethylacetyl Chloride.—259 gm. of the corresponding 
acid, [a]? = —59.7° (in ether) were treated with 414 gm. of 
thionyl chloride (2 mols). The reaction mixture was allowed to 
stand overnight at room temperature and was then refluxed on the 
steam bath for 15 minutes. The unchanged thionyl chloride was 
removed under reduced pressure. The residue itself was not dis- 
tilled inasmuch as previous experiments had shown that a slight 
racemization takes place even on distilling the product under 
highly reduced pressure. It had a rotation of 


. — 14.78° X 100 : 
s , — 4. XW = — 68.8°. (M];, = — 116.2° (in ether). 


lel = TX 21.496 


0.1017 gm. substance required 5.68 cc. 0.1 N AgNO; (titration). 
Cs;H,OCI. Calculated. Cl 21.36. Found. Cl 19.82. 
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Levo-Phenylmethylacetamide.—50 gm. of the acid chloride 
described above, [a]; = —68.8° (in ether), were dropped slowly 
with rapid stirring and thorough cooling into 150 ec. of concentrated 
alcoholic ammonia. ‘The crude crystalline product was filtered off 
and the mother liquor concentrated to 30 cc. under reduced 
pressure. A second crop of crystals was obtained which was 
combined with the first. The amide was then recrystallized from 
hot water. Yield, 80 per cent. It melted at 92° and showed the 
following rotation. 


, — 2.97° X 100 - , 
[a], = Lk = — 26.3°. [M], = — 39.2° (in 75 per cent alcohol). 





3.525 mg. substance: 9.410 mg. CO, and 2.245 mg. H,O. 
CsHyON. Calculated. C 73.15, H 7.45. 
Found. “Tae, ~ Fe: 


Dextro-Phenylmethylacetonitrile—50 gm. of the corresponding 
amide, [a];> = —26.3° (in 75 per cent alcohol), were thoroughly 
mixed with 47 gm. (1 mol) of phosphorus pentoxide and distilled 
under a pressure of about 2mm. The distillate was dissolved in 
ether, washed with dilute sodium hydroxide, then with water, and 
finally dried over sodium sulfate. The ether was removed and the 
residue fractionated under a pressure of 8 mm. The nitrile dis- 
tilled at 109°. Yield, 78 per cent. 


_ +2.23? x 100 | 


b. = 9 ° % a ° : 
[a]; ix 17 Be2 + 12.7°. [M], = + 16.6° (in ether). 
; + 1.82° X 100 . 
S = = $10.5. [MJ® = + 13.7? (ind hol). 
la); 1X 17.420 + 10.5°. [MJ], = + 13.7° (in 50 per cent alcohol) 
[a]; = + 7.0°. [MJ]; = + 9.3° (without solvent). 


5.785 mg. substance: 17.440 mg. CO, and 3.425 mg. H,0. 
CyH»N. Calculated. C 82.44, H 6.87. 
Found. ‘* 82.21, ‘* 6.62. 


Dextro-2,2-Phenylmethylethylamine.—This was prepared by cata- 
lytic reduction of dextro-phenylmethylacetonitrile. Glacial acetic 
acid (300 cc.) dried over a few gm. of phosphorus pentoxide, was dis- 
tilled directly into the absorption tube. 35 gm. of the nitrile, [a]? 
= +5.61° (in ether), and 2 gm. of a platinum catalyst prepared 
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according to the directions of Adams and Shriner were introduced 
into the tube by means of a dropping funnel. Care was taken to 
exclude all moisture. 

The reduction was carried out under reduced pressure. After 
the nitrile and catalyst had been introduced into the absorption 
tube, before the shaking was begun, the air was withdrawn from 
the apparatus and replaced by hydrogen. The amount of hydro- 
gen required for reduction of the nitrile to the corresponding prim- 
ary amine was calculated to be 11,794 ce. 

When 8700 cc. of hydrogen had been absorbed, the reaction 
became very slow and the catalyst was therefore reactivated by 
withdrawing the hydrogen from the apparatus, refilling it with 
oxygen, and shaking for 10 minutes. Each time when the reac- 
tion ceased the catalyst was again reactivated. After 11,500 cc. 
of hydrogen had been absorbed, the reaction almost ceased and 
could not be restimulated by further reactivation of the catalyst. 

The solution was filtered and the filtrate concentrated under 
reduced pressure to about 30 ce. On diluting this solution with 
much water, a small amount of an oil separated which was ex- 
tracted with ether. This proved to be unchanged nitrile. The 
mother liquor was rendered alkaline with sodium hydroxide and 
the amine was extracted with ether. The extract was washed 
with a little water and then dried over sodium sulfate. The 
ether was removed and the residue fractionated. 

The first fraction distilled at 90° under a pressure of 12 mm. and 
the second at 185-186° under a pressure of 9 mm. 

After redistillation, the first fraction (19.3 gm.) had the follow- 
ing rotation. 


» _ + 0.73° x 100 , 2s oj 
.° Sa = + 5.2% [M]> = + 7.0° (in ether). 


la] 


4.540 mg. substance: 13.320 mg. CO; and 3.925 mg. H.0. 
C.Hi;N. Calculated. C 80.00, H 9.63. 
Found. ** 80.00, ‘* 9.67. 


The second fraction proved to be a secondary amine. Total 
yield, 23.3 gm. (calculated 33 gm.). 

In another experiment, 25 gm. of nitrile with [a]? = +12.7 
(in ether) were reduced in 300 cc. of glacial acetic acid in the pres- 
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e 


d ence of 2 gm. of the same platinum catalyst. The first fraction 
° showed a rotation of 
[a], = aS = + 12.4°. [MJ> = + 16.8° (in ether). 
m 
-_ la]> = + 17.7°. (MJ; = + 23.9° (without solvent). 
n- 
The second fraction, a secondary amine, again amounted to 
-™ about 20 per cent of the total yield. 
os Some of the primary amine was converted into the hydrobromide 
th in dry ether. The precipitate was washed with ether and dried. 
oe It showed a rotation of 
nd [a)® = eo = + 16.4°. [MJ® = + 35.4° (in water). 
der 0.1000 gm. substance required 4.60 cc. 0.1 n AgNO; (titration). 
‘ith 0.1000 “ “« 4.55 “ 0.1 “ HCl (Kjeldahl). 
CsHuNBr. Calculated. N 6.48, Br 37.03. 

o> Found. “ 6.37, “ 36.80. 
rhe 
and Dextro-2,2-Phenylmethylethyl Chloride-—This was prepared by 
hed the action of nitrosyl chloride on dextro-2,2-phenylmethylethyl- 
The amine. 15 gm. of the amine, [a];? = +12.4° (in ether), were dis- 

solved in 100 cc. of dry ether, cooled to —55°, and then treated 
and with an ethereal solution of nitrosyl chloride until the latter was no 

longer decolorized. Ice water was then added and the halide 
low- extracted with ether. The extract was washed with sodium hy- 


droxide, then with water, and finally dried over sodium sulfate. 
The residue, obtained on the removal of the ether, weighed 7.6 
gm. and showed a rotation of 


(without solvent). 


[els = 





The crude material was submitted to fractional distillation. 
Total The first fraction distilled at 55-57° under a pressure of 0.8 mm. 
_ and weighed 4.7 gm. Optical rotation was as follows: 


12.77 


° 





 pres- [a] = (without solvent). 
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Walden Inversion. 





— 1.12° X 100 


; ——— = — 4,75° (in ether). 
1 X 23.502 


[a], ” 
The second fraction was not distilled, as previous experiments 

had shown that it could not be distilled without decomposition. 

It showed a rotation of 

1.42°> X 100 


es = = — 12.3° (in ether). 
1 X 11.536 


aly 

‘To remove any carbinol that might have been formed during the 
reaction, the first fraction was dissolved in 20 ec. of dry pyridine 
and treated with 5 gm. of phthalic anhydride. The mixture was 
allowed to stand overnight at room temperature. The next day 
the solution was acidified with an excess of hydrochloric acid and 
extracted with ether. The ether extract was washed with dilute 
sodium hydroxide to remove the phthalic acid and the half ester 
of the same. The extract was then dried, the ether removed, and 
the residue distilled under a pressure of 1mm. It boiled at 52-54°. 


_ +.0.13° X 100 


> inne” + 0.33°. [M]} = + 051° (in ether). 


ce] 


» + 0.21° X 100 
[ar] = 


“ica + 0.51. [M],, = +.0.79° (in absolute alcohol). 


9 @° 


+ 1.78° : + 2.8 : 
_ [M]; = . (without solvent). 


[e)> = 


0.1152 gm. substance: 0.1035 gm. A¢Cl (Carius). 
CoH;,Cl. Caleulated. Cl 23.22. Found. Cl 22.24. 


Levo-2,2-Phenylmethylethanol.—The crude material obtained in 
mate , 99 7 . ’ ; 235 _ 
the chlorination of dextro-2,2-phenylmethylethylamine, [a]? = 
+12.4° (inether), with nitrosyl chloride was treated with phthalic 
anhydride in pyridine solution, as described in the preceding 
experiment. The crystallized half ester of the carbinol was then 
isolated in the usual way. It showed a rotation of 
— 2.61° X 1C€0 

a)’ =- - = — 16.5° (in ether). 

lel, = TX 13.800 ' 
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It was decomposed by boiling for 15 minutes with 3 mols of 30 per 
cent sodium hydroxide solution. An oil separated which was 
extracted with ether, washed with water, and then dried over so- 
dium sulfate. The ether was removed and the oily residue distilled 
under reduced pressure. Only 0.3 gm. of the carbinol was ob- 
tained. It showed a rotation of 

— 1.79° X 100 


[a], = = — 163°. [MjS = — 22.1° (in ether). 
(@]y 1 X 11.008 [M],, (in ether) 


— 0.76° X 100 
ja = a i 


7 oe ee 
- 1 X 8.552 


—8.9°. [M]} = — 12.1° (in absolute alcohol). 
4.325 mg. substance: 12.655 mg. CO, and 3.355 mg. H,0. 

CyH,.0. Caleulated. C 79.41, H 8.82. 
Found. “* 79.79, “* 8.68. 


Dextro-2,2-Phenylmethylethanthiol_—2 gm. of dextro-2,2-phenyl- 
methylethyl chloride, [a}?> = +0.3° (in ether); were treated with 3 
equivalents of a 10 per cent solution of alcoholic potassium hydro- 
gen sulfide. The mixture was heated for 24 hours at 100° in a 
sealed tube. Much water was then added, the mereaptan was 
extracted with ether, washed with water, and dried over sodium 
sulfate. It was distilled under a pressure of 1.5 mm. The main 
part boiled at 70-71°, leaving a small residue in the flask. 

The mercaptan showed the following rotation. 


» + 1.79° X 100 - - 
_ 2 ae @ > OF". i ; 
lal, 1 X 19.320 + 9.3°. [MJ], = + 14.1° (in ether) 


js _ +.0.31° X 100 _ oe 4 151° Gna 
lel, = - 1x31” + 9.9°. [MJ], = + 15.1° (in absolute alcohol). 


0.1216 gm. substance: 0.1761 gm. BaSO, (Carius). 
C,H,.S. Caleulated. S 21.05. Found. S 19.89. 


Dextro-Phenylmethylthiolacetic Acid —14 gm. of the correspond- 
n° 

CRO = +44.9° (in ether) 

were added drop by drop with stirring to 18 gm. of potassium 

hydrogen sulfide in 12 ec. of water. On heating the mixture on 

the steam bath a lively reaction took place. After all the chloride 

had been added, the reaction was heated on the steam bath for a 


ing acid chloride, [a]? = 
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few more minutes, then diluted with ice water and acidified. The 
oil which separated was extracted with ether, the extract washed 
and then dried over sodium sulfate. 

On distillation the acid boiled at 136-138° under a pressure of 
3mm. Yield, 13.8gm. It showed a rotation of 


» _ + 10.03° x 100 


lal> = Tye 16.279 = + 816°. [MI, = + 102.3° (in ether). 


0.1362 gm. substance: 0.1862 gm. BaSO, (Carius). 
CyHi0OS. Calculated. S 19.27. Found. S 18.78. 


Resolution of d,l-Phenylethylacetic Acid.—100 gm. of the acid 
were dissolved in 1000 ce. of hot 50 per cent alcohol. To this 
were added 154 gm. of cinchonidine and the solution was allowed 
to stand overnight at room temperature. The first fraction of 
the cinchonidine salt which separated in crystalline form weighed 
121 gm. 2 gm. of this salt when decomposed with concentrated 
hydrochloric acid yielded an acid which showed a rotation of 

=. + 4.89° X 100 


= --————— — ow ° 4 
lols = > x 16.460 7 1 22-7" (in ether). 


The salt was recrystallized from 50 per cent alcohol until no 
further increase of the rotation of the free acid was obtained. It 
was then decomposed and the acid obtained was distilled. It 
showed a rotation of 

» +3.58° x 100 ead) - a 
[a], = ~~ a-_ +81.0°. [M]> = + 132.9° (in ether). 

.  +5.67° X 100 
_°* ~~. 
1 X 7.624 





= +74.4°. [M]> = + 122.0° (in 75 per cent alcohol). 


| 


la}; = + 8§9.94°. (MJ; = + 139.4° (without solvent). 


The sodium salt had a rotation of 


, + 0.86° x 100 ~— oars 
[a]; = re) + 8.2°. [MJ], = + 15.3° (in water). 


Dextro-Phenylethylacetic Acid Ethyl Ester.—31 gm. of the cor- 
responding acid, [a]? = +80.9° (in ether), were poured slowly into 
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a cooled mixture of 15 ec. of concentrated sulfuric acid with 100 cc. 
of absolute alcohol. The mixture was allowed to stand overnight 
at room temperature. The next day, ice and water were added. 
The precipitated oil was extracted with ether, and the extract 
washed with water, aqueous sodium hydroxide solution, and again 
with water. Then it was dried over sodium sulfate and the ether 
removed. The residue distilled at 80-85° under a pressure of 3 
mm. It showed a rotation of 
3 + 10.71° X 100 


lp = —Saeuax1 ~ + 722: [MJ]; = + 138.6° (in ether). 





5.460 mg. substance: 14.895 mg. CO, and 3.905 mg. H,0. 
Ci2H,O2. Calculated. C 74.96, H 8.38. 
Found. ** 74.39, “* 8.00. 


Dextro-Phenylethylacetyl Chloride.—32 gm. of the corresponding 
acid, [a]; = +80.9° (in ether), were treated with 100 gm. (4 mols) 
of thionyl chloride. A lively reaction took place without heating. 
The reaction mixture was allowed to stand overnight at room 
temperature and was then refluxed on the steam bath for 15 min- 
utes. The unchanged thionyl chloride was distilled off under re- 
duced pressure. The acid chloride ifself was not distilled as a slight 
racemization was found to take place even on distilling the product 
under highly reduced pressure. 

The product showed a rotation of: 


= _ + 13.89° x 100 


lel, = 7x 15.596. + 89.0°. [M]> = + 162.5° (in ether). 


0.1294 gm. substance: 6.90 cc. 0.1 N AgNO; (titration). 
CyoHnOCl. Calculated. Cl 19.67. Found. Cl 18.92. 


Dextro-Phenylethylacetamide.—53.5 gm. of the corresponding 
chloride, [a]? = +89.1° (in ether), were added drop by drop with 
rapid stirring and thorough cooling to 200 cc. of concentrated 
aleoholic ammonia. The crude product was filtered off and the 
mother liquor concentrated under reduced pressure. A second 
crop of crystals was obtained which was combined with the first 
and the combined material was recrystallized from 50 per cent 
alcohol until free from ammonium chloride. Yield, 36 gm. 
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#1.65° X 100 , _" 
[a], = oe — = +19.9°. [MJ> = + 32.4° (in 75 per cent alcohol). 


0.0989 gm. substance: 0.2656 gm. CO, and 0.0710 gm. H,0. 
CyoH1;30N. Calculated. C 73.61, H 8.03. 
Found. ‘* 73.23, ** 8.03. 


Levo-Phenylethylacetonitrile—32 gm. of the corresponding 
amide, [a]; = +19.9° (in 75 per cent alcohol), were mixed with 
28 gm. (1 mol) of phosphorus pentoxide and the mixture distilled 
under a pressure of 2mm. The distillate was dissolved in ether, 
washed with dilute sodium hydroxide, then with water, and finally 
dried over sodium sulfate. The ether was removed and the nitrile 
distilled under a pressure of 4.1mm. It boiled at 56-57°. Yield, 
20.6 gm. 


— 2.56° X 109 





3 ial gene ai ai | ) 25 a an ;. or: l . 
le], 1X 9.26 27.6°.  [M], 46.1° (in ether) 

,  — 3.33° X 100 eee ; os 
lals = > x 0704 7 7 26-2": IMI, = — 38-1° (in absolute alcohol). 
[a], = — 2).0°. [M|; = — 29.0° (without solvent). 


6.045 mg. substance: 18.235 mg. CO. and 3.770 mg. H.0. 
CioHuN. Caleulated. C 82.76, H 7.58. 
Found. “* 82.26, ‘‘ 6.97. 


Dextro-2,2-Phenylethylethylamine.—This was prepared by cata- 
lytic reduction of levo-phenylethylacetonitrile. The reduction 
was carried out in exactly the same way as the reduction of pheny!- 
methylacetonitrile. 

6.5 gm. of the nitrile, [a]; = — 27.64° (in ether), were dissolved 
in 50 ce. of glacial acetic acid and 0.5 gm. of a platinum catalyst was 
added. In this case, the reduction proceeded to completion with- 
out reactivation. The amount of hydrogen absorbed was 2182 cc. 
(ealeulated 2007 ec.). 

3.35 gm. of the primary amine were obtained. It distilled at 
74° under a pressure of 2.6 mm. and showed the following rota- 
tions. 

_ +1.88° x 100 


a << ll [MJ]? = + 14.5° (in ether). 


23 
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— 1.16° 00 : - 
he eS 7.7°. (MJ, = — 11.5° (in absolute alcohol). 


laln = TX 15.024 


* = + 4.56°. [M]* = + 6.8° (without solvent). 


[a], D 


6.135 mg. substance: 18.0335 mz. CO, and 5.515 mg. H.0. 
CyoHisN. Calculated. C 89.53, H 10.06. 
Found. ** 80.16, “* 10.06. 


In this case, as in the reduction of the phenylmethylacetonitrile, 
about 20 per cent of the secondary amine was obtained. 

Some of the above primary amine was converted to the hydro- 
bromide in dry ether. The precipitate was washed with ether and 
dried. It showed a rotation of 


: — 0.06° 100 2s = 
[a], = FETT = — 2.1°. [MI], = — 4.9° (in water). 


0.1000 gm. substance required 4.35 ec. AgNO; (titration). 
0.1000 “ * 4.25 “ 0.1 x HCl (Kjeldahl). 

CioHyNBr. Calculated. N 6.08, Br 34.78. 

Found. ** 5.95, “ 34.80. 


Dextro-2,2-Phenylethylethyl Chloride.—This was prepared by the 
action of nitrosyl chloride on dextro-2,2-phenylethylethylamine. 
A solution of 10 gm. of the amine, [a] = +9.2° (in ether), was 
dissolved in 100 ec. of dry ether, cooled to — 55°, and then treated 
with an ethereal solution of nitrosyl chloride until the latter was no 
longer decolorized. Ice water was then added and the halide 
extracted with ether. The extract was washed with dilute sodium 
hydroxide, then with water, and finally dried over sodium sulfate. 
The residue obtained on removal of the ether weighed 4.3 gm. 


and showed a rotation of 


+ 3.00° < 100 
eo —————— = + 141° G , 
[a], 1 X 21.248 + 14.1° (in ether) 
+ 144°, . 
[a5 = a ca (without solvent). 


The crude material was distilled under a pressure of 1mm. The 
first fraction which boiled at 63-65° and of which 3.2 gm. were 
obtained, was dextrorotatory, as seen from the following figures. 
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» _ + 1.95° X 100 Se 
[a], = eae = + 12.3° (in ether). 


~ 13.08° 
[a], = = . (without solvent). 


The residue which could not be distilled without decomposition 
showed 2 rotation of 
. _ + 4.49° x 100 


—_ —— = + 27.8" (i 
[e],, 1 x 16.176 + 27.8° (in ether) 


and analyzed as follows: 
0.1214 gm. substance: 0.0471 gm. AgCl. Found. Cl 9.59. 


To remove any carbino! that might have been formed during the 
reaction, the distillate was dissolved in 20 ec. of dry pyridine and 
treated with 3 gm. of phthalic anhydride. The mixture was al- 
lowed to stand overnight at room temperature. The next day the 
solution was acidified with an excess of hydrochloric acid and ex- 
tracted with ether. The extract was washed with dilute sodium 
hydroxide in order to remove the phthalic acid and the half ester 
of the same. The extract was then dried, the ether removed, and 
the residue distilled under a pressure of 1mm. It boiled at 62—64°. 

s _ +1.21° x 100 


[a], 1x 10 840 — = + 11.2°. (M], = + 18.9° (in ether). 





- 0.85° X 100 as 
[a], = n x8 — = +9.9°.  [M], = + 16.8° (in absolute alcohol). 





[al = + 10.6°. [MIS = + 17.8° (without solvent). 


0.1120 gm. substance: 0.0842 gm. AgCl (Carius). 
CyoHi;Cl. Calculated. Cl 21.30. Found. Cl 18.59. 


The analysis of the substance showed it to consist of 87.2 per 
cent halide and 12.8 per cent by-products. Inasmuch as its rota- 
tion is [a],' = +11.2° (in ether), it follows that unless the by- 
product had a rotation of [a]; = +87.2° (in ether), it could not 
account for the entire activity of the substance. Hence, it may 
be assumed that at least part of the optical activity was due to 
activity of the chloride. 
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In another experiment 3 gm. of amine with a rotation of [a]? = 
+10.10° (in ether), which had been received from a previous 
chlorination experiment, were chlorinated and the resulting halide 
purified as described in the experiment above. The halide ob- 
tained showed a rotation of 

 _ +.0.28° X 100 _ 


a & RQ° «re 9 35° (i ) 
[a], 1 X 5.056 + 5.53°. [M], = + 9.35° (in ether 


and analyzed as follows: 


0.1083 gm. substance: 0.804 gm. AgCl. 
CyoHisCl. Calculated. Cl 21.30. Found. Cl 18.36. 


The residue showed a rotation of 


» _ + 162° x 100 


[a]? = ri’ a + 11.5° (in ether). 


In this case, as in the previous one, the residue consisted of the 
halide with some other impurity as seen from the analysis given 
below. 


0.1252 gm. substance: 0.0304 gm. AgCl. Found. Cl 6.00. 


Dextro-2,2-Phenylethylethanol—2 gm. of dextro-2,2-phenyl- 
ethylethylamine, 


» _ + 1.88° x 100 


la], = ixi19306 + 9.7° (in ether), 


were dissolved in 50 cc. of 95 per cent acetic acid and the solution 
was cooled in an ice-salt mixture. Nitrous oxide was then passed 
through the solution until the evolution of nitrogen ceased. Then 
33 per cent sodium hydroxide was added until the solution was no 
longer acid to Congo red. Nitrous oxide was then again passed 
through the solution until the evolution of nitrogen almost ceased. 
Much water was then added and the precipitate was extracted 
with ether. The extract was washed with dilute sodium hydrox- 
ide, then with water, and finally dried over sodium sulfate. The 
ether was then removed and the residue distilled under reduced 
pressure. The alcohol was then purified as the ester of phthalic 
acid as described for the purification of other aleohols. The pure 
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carbinol boiled at 95-96° under a pressure of 4 mm., and showed a 
rotation of 


ss _ +1.06° x 100 


lel" x35" + 30.0°. [MJ> = + 45.0° (in ether). 

.  +1.33° x 100 — ‘ rs 
[aj* = oT + 37.6°. [M], = + 56.4° (in absolute alcohol). 
[a]* = + 18.9°. [M]; = + 28.3° (without solvent). 


3.465 mg. substance: 10.195 mg. CO, and 2.875 mg. H20. 
CyoHyO. Calculated. C 80.00, H 9.33. 
Found. ** 80.23, ‘* 9.28. 


Dextro-2,2-Phenylethylethanthiol—2 gm. of dextro-2,2-phenyl- 
ethylethyl chloride, [a]; = +11.2° (in ether), were treated with 3 
equivalents of a 10 per cent solution of alcoholic potassium hydro- 
gen sulfide. The mixture was heated for 7 hours at 100° in a 
sealed tube. Much water was then added and the mereaptan was 
extracted with ether, the extract washed with water, and then 
dried over anhydrous sodium sulfate. 

On distillation, a fraction was obtained which boiled at 81° under 
a pressure of 1.3mm. _ It showed the following rotation. 


$177 X 100 | 


[a], = - 1 x 25.240 +7.0°. [M]° = + 11.6° (in ether). 


D 


+ 0.41° X 100 


[a] “<a + 6.4°. [MJ> = + 10.5° (in absolute alcohol). 


0.1130 gm. substance: 0.1276 gm. BaSO, (Carius). 
CioHysS. Calculated. S 19.27. Found. § 15.51. 


The second fraction distilled at 178-180° under a pressure of 1.5 
mm. Optical rotation was as follows: 


fa)” — 1.45° X 100 
ate 1 X 4.664 





= — 31.1°. [MJ]; = — 102.6° (in ether). 


This substance may be considered to be the disulfide, as shown 
from the following analysis. 


0.1385 gm. substance: 0.2096 gm. BaSO, (Carius). 
CeoH282. Calculated. S 19.39. Found. S 20.79. 
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?,2-Phenylethylethanesulfonic Acid—About 2 gm. of dextro- 
2,2-phenylethylethyl chloride, [aJ; = +5.5° (in ether), were 
treated in a sealed tube with 2 gm. of potassium hydrogen sulfide 
in alcoholic solution. The mixture was heated for 6 hours at 100°. 
It was then isolated as described in the preceding experiment. 
Without distillation the substance showed a rotation of 


" — 0.61° 1 . 
3 61" X 100 = — 11.3° (in ether) 


lel = TX 5.388 


and analyzed as follows: 


0.1046 gm. substance: 0.1338 gm. BaSO, (Carius). 
Mercaptan CioHi,S. Calculated. S 19.27. 
Disulfide CooHosS2. < “19.40. Found. 8S 18.53. 


Presumably, the substance consisted of a mixture of the mercap- 
tan and disulfide. By comparison with the previous experiment it 
may be assumed that this substance corresponds to a mercaptan 
with a rotation of 


[aly = +3.5°. [Mlb = +5.8° (in ether). 


For the sake of conserving the material it was not distilled but was 
oxidized with barium permanganate in 95 per cent acetone. When 
the permanganate was no longer decolorized, the manganese diox- 
ide was filtered off and the residue alternately washed with acetone 
and hot water. The combined filtrates were evaporated to dry- 
ness. The residue was washed with ether and then taken up with a 
little water. On addition of alcohol the salt precipitated as a semi- 
solid mass which crystallized on stirring. 
The substance analyzed as follows: 


9.805 mg. substance: 1.931 mg. BaS0O, (for Ba). 
6.545 “ - : 5.940 “ ” me. 
Equimolecular mixture of acid and barium salt. 
CyoHs,O1.S,Ba. Calculated. Ss 12.91, Ba 13.85. 
Found. “ee. * i728. 


The analysis would seem to indicate that the substance was a 
molecular mixture of the free acid and the barium salt. Lack of 
material did not permit further purification. 

To determine the rotation of the substance and of the cor- 
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responding free acid, we proceeded as follows: 0.1178 gm. of the 
salt was weighed in a flask and diluted to 2.5 ce. Rotation [a], in 
a 1 dm. tube was 1.30°. Hence the specific rotation of the sub- 
stance was 

[a], = Sara = — 27.6° (in water). 

0.5 ec. of concentrated hydrochloric acid was then added to the 
solution directly in the polariscope tube. The total volume was 
then 3 ec. and the reading —1.11°. On the assumption that the 
original substance was an equimolecular mixture of acid and salt, 
it follows that the above corresponds to 0.1017 gm. of free acid 
per 3 ce. 

Therefore, 


— 1.11° X 100 


lals = —T3¢.390 7 ~ 327° Gin water). 


As neither the original merecaptan nor the oxidation product 
was obtained in pure form, the results cannot be regarded as reli- 
able. 

Levo-Phenylethylthiolacetic Acid.—7.8 gm. of the corresponding 
acid chloride, [a]; = —23.7° (in ether), were added drop by drop 
to a solution of 10 gm. of potassium hydrogen sulfide in 6 ec. of 
water. The solution was warmed on the steam bath whereupon a 
lively reaction took place. In a few minutes the reaction was 
completed. Ice was then added, the solution was acidified, and 
the acid extracted with ether, washed with water, and dried over 
sodium sulfate. 

On distillation, a fraction was obtained which boiled at 124—125° 
under a pressure of 13mm. Yield, 5.65gm. It showed a rotation 
of 


fal” — 4.35° X 100 _ 
alp 1 X 12.348 


= — 35.2°. [MJ> = — 63.4° (in ether). 


0.1554 gm. substance: 0.1523 gm. BaSO, (Carius). 
CioH120S. Calculated. S 17.77. Found. S§ 13.47. 


Catalytic Reduction of Phenylmethylacetic Acid to Cyclohexryl- 
methylacetic Acid.—2.92 gm. of phenylmethylacetic acid with a 
rotation of [a]? = +36.1° (in ether), were dissolved in 100 cc. of 
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glacial acetic acid. 0.3022 gm. of a platinum catalyst was then 
added. The reduction was carried out as previously described 
with an occasional reactivation of the catalyst. 

When 1292 ce. of hydrogen were absorbed (calculated 1453 ee.) 
the reduction was discontinued. The solution was filtered and the 
filtrate concentrated under reduced pressure until an oily residue 
remained. This was taken up in ether, washed with water, and 
dried over sodium sulfate. The residue, after removal of the 
ether, was distilled under a pressure of 4.7mm. The acid distilling 
at 120—121° showed a rotation of 


» _ +.0.80° x 100 


= 8°. MI° = 12.2° (i 
[a], 1 X 10.228 + 7.8°. [M], = + 12.2° (in ether) 


On standing at room temperature the acid crystallized whereas 
the unreduced product remained liquid. 


4.260 mg. substance: 10.795 mg. CO, and 3.930 mg. H.O. 
CgH 60>. Calculated. C 69.23, H 10.25. 
Found. ** 69.10, ‘* 10.32. 


In another experiment, starting with an acid of [aJ? = —54.6° 
(in ether), a reduced product was obtained showing the following 
rotation. 


— 3.14° X 100 


Tx 25.083 = ~ 125°. [MJ = — 19.5° (in ether). 


la), = 


— 2.24° x 100 


7° he 11.2°. [MJ> = — 17.5° (in 75 per cent alcohol). 


la}, = 


The sodium salt, dissolved in water, showed the following rotation. 


— 0.18° X 100 
: = — 19°. [MJp = — 3.3°. 


—« 


lel = Tx 0484 


Levo-Cyclohexylmethylacetyl Chloride-—142 gm. of the corre- 
sponding acid, [a]; = —12.5° (in ether), were mixed with 104 gm. 
of thionyl chloride (4 mols). A reaction, much livelier than that 
observed in the chlorination of the corresponding unreduced acid, 
took place without heating. The reaction mixture was allowed to 
stand overnight at room temperature and then refluxed on the 
steam bath for 15 minutes. The unchanged thiony! chloride was 
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distilled off and the residue fractionated. It boiled at 54° under a 
pressure of 12mm. Yield, 85 percent. It showed a rotation of 


— 111 x1 s i 
»_ —LNX® ~~ 76. at = — 13.2° (in ether). 


lelp = TX 14.624 


0.1056 gm. substance required: 6.05 cc. 0.1 n AgNOs (titration). 
C,H;;0Cl. Calculated. Cl 20.57. Found. Cl 20.33. 


Levo-C yclohexylmethylacetamide.—153 gm. of the corresponding 
acid chloride, [a);> = —7.6° (in ether), were dropped slowly 
with rapid stirring and thorough cooling into 350 cc. of concen- 
trated aleoholic ammonia. The crude product was filtered off and 
the mother liquor concentrated under reduced pressure. On fur- 
ther concentration of the mother liquor a second crop of crystals 
was obtained which was added to the first. The combined product 
was then recrystallized by dissolving it in a minimum amount of 
hot 99 per cent alcohol and precipitating it with water. Yield, 78 
per cent. It was free from ammonium chloride and melted at 
138-139°. 

The optical rotation of the crude product was 
Se = —11.0°. [MJ> = — 17.1 (in 75 per cent alcohol). 


[a], = 


The optical rotation of the analyzed product was 


w _ ~ 0.45° X 100 _ 


+e — 9.9°. [M]} = — 15.3° (in 75 per cent alcohol). 


[aj, = 


2.675 mg. substance: 6.695 mg. CO, and 2.575 mg. H,0O. 
C,H,;;ON. Calculated. C 69.68, H 10.96. 
Found. ** 69.28. ** 10.93. 


Levo-Cycloherylmethylacetonitrile—50 gm. of the corresponding 
amide, [a]? = —11.0° (in 75 per cent alcohol), were mixed with 
$5 gm. (1 mol) of phosphorus pentoxide and distilled under a 
pressure of 2mm. ‘The distillate was dissolved in ether, washed 
with dilute sodium hydroxide and then with water, and finally 
dried over sodium sulfate. The ether was removed and the nitrile 
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distilled under a pressure of 3mm. It boiled at 80°. Yield, 84 
per cent. It showed a rotation of 


— 2.72° X 100 





lals = Scop goa =~ 13:3”. [IMJp = — 18.1° (in ether). 
— 2.53° X 100 ‘“ ; 
[a]? = or 17.056 14.8°. [M],, = — 20.3° (in 75 per cent alcohol). 
é. 
[aJ; = — 143°. [M], = — 19.7° (without solvent). 


5.785 mg. substance: 17.440 mg. CO, and 3.425 mg. H,0. 
C.,Hi;N. Caleulated. C 78.82, H 10.94. 
Found. ** 78.70, ‘* 11.49. 


2,2-Cyclohexrylmethylethylamine.—This was prepared by cata- 
lytic reduction of levo-cyclohexylmethylacetonitrile. The reduc- 
tion was carried out exactly as in the case of the phenylmethyl- 
acetonitrile. 8.15 gm. of a nitrile, [a};? = —14.3° (without 
solvent), were dissolved in 200 ce. of glacial acetic acid. 1.33 gm. 
of platinum catalyst were added. 2200 cc. of hydrogen were 
absorbed (calculated 2643 cc.). 

The reaction mixture was filtered off from the catalyst and the 
glacial acetic acid removed under reduced pressure. The residue 
was diluted with water and extracted with ether to remove un- 
changed nitrile. The aqueous mother liquor was rendered alkaline 
with excess sodium hydroxide. It was extracted with ether, the 
ether washed, and then dried over sodium sulfate. 

On distillation the amine boiled at 65-66° under a pressure of 2 
mm. and was found to be optically inactive. 





4.200 mg. substance: 11.775 mg. CO, and 5.110 mg. HO. 


0.0352 gm.“ : 6.53 ec. N (29°, 756 mm.). 
CsHisN. Calculated. C 76.59, H 13.47, N 9.92. 
Found. ** 76.39, “ 13.39, ‘ 10.00. 


Attempts have been made to resolve the inactive amine by 
means of tartaric-, camphorsulfonic-, and bromocamphorsulfonic 
acids, but without success. 

Dextro-Cyclohexylethylacetic Acid.—This was prepared by cata- 
lytic reduction of phenylethylacetic acid. The procedure em- 
ployed in the reduction of this acid was in every detail similar 
to the procedure used in the reduction of phenylmethylacetie acid. 
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3.0296 gm. of the acid, [a];’ = +79.8° (in ether), were dissolved 
in 100 ec. of glacial acetic acid and 0.2984 gm. of platinum catalyst 
was added. 1571 ec. of hydrogen were absorbed (calculated 1231 
ec.). The acid was isolated as in the experiment mentioned above. 
The distilled product showed a rotation of 


+» + 0.34 xX 100 : , 
= km + 2.4°. [M], = + 4.0° (in ether). 


>” 1X 14.372 


a 


3.345 mg. substance: 8.650 mg. CO, and 3.245 mg. H,0O. 
CyoH;s02. Caleulated. C 70.58, H 10.58. 
Found. ** 70.51, ‘* 10.85. 


Dextro-Cyclohexylpropylacetic Acid.—It was prepared by cata- 
lytic reduction of phenylpropylacetic acid. This experiment 
was also carried out according to the directions given for the reduc- 
tion of the homologous phenylmethylacetic acid. 

2.13 gm. of the acid, [a]; = —16.3° (in ether), were dissolved in 
100 ec. of glacial acetie acid and 0.2986 gm. of platinum catalyst 
was added. The total amount of hydrogen absorbed was 996 ce. 
(calculated 800 ce.). The distilled product showed a rotation of 


 _ +.0.22° x 100 
lal, 1X 10.092 








4.015 mg. substance: 10.425 mg. CO, and 3.895 mg. H.O. 
CyHeoO2. Caleulated. C 71.73, H 10.86. 
Found. ** 70.80, ** 10.85. 


Resolution of d,l-Phenylpropylacetic Acid.—54 gm. of the acid 
were dissolved in a hot mixture of 300 ce. of 95 per cent alcohol 
and 8600 ce. of water. To this solution were then added 98 gm. of 
cinchonidine, whereupon the solution was allowed to stand for 36 
hours at room temperature. The first fraction of the cinchonidine 
salt separated in crystalline form and amounted to 57 gm. 2 gm. 
of the salt were decomposed with concentrated hydrochloric acid. 
The free acid showed a rotation of 


[a]? = ——_~— = + 14.9%. [MJ® = + 26.5° (in ether). 





+ 13.4°. [M]; = + 23.8° (in 75 per cent alcohol). 








Fo 


Fo: 


For 
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From the mother liquor an acid was obtained which showed a 
rotation of 
— 1.27° X 100 


[a], = - 1st 7 [M]= = — 25.1° (in ether). 


After two more recrystallizations of the first fraction, an acid 
was obtained with a rotation of [a]? = +33.1° (in ether). Fur- 
ther crystallization did not improve the rotation and the yield on 
this last fraction was only about 10 per cent. 

Resolution of d,l-Benzylphenylacetic Acid.—The acid was re- 
solved as a quinine salt by repeated recrystallization of the latter 
from 95 per cent alcohol. A fraction was finally obtained which 
vielded an acid with a rotation of 


= _ — 441° X 100 


lel, = Tx 133387 33.1°. [MJ]? = — 74.7° (in ether). 


On decomposition of the mother liquors an acid was obtained with 
a rotation of 
+ 8.06° X 100 


[a], = 7x 19672" + 41.0°. [M]; = + 92.6° (in ether). 


The above probably does not represent the absolute maximum 
rotatory power of the acid. For the sake of conserving the mate- 
rial no attempt was made to resolve it further. 

The relation between the rotatory power of the acid in alcohol 
and ether, and of its sodium salt can be seen from the figures given 
below. 


3.41° X 100 


For acid [a], - ori ow = — 15.4. [MI> = — 34.7° (in ether). 
f »  — 1.62° X 100 ‘ 25 2 (3 
Foracid [a], = Ixso8* — 18.1°. [Ml], = — 41.0° (in 60 per cent alcohol). 
; —3.75° xX 100 
For Na salt [a] - Ss = — 17.2°. [MJ} = — 38.9° (in water). 


The optical activity of the salt was determined in the presence of 
an excess of 1 mol of NaOH; that is, 1.9896 gm. of the above acid 
were treated with 2 mols of standard sodium hydroxide and the 
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solution was diluted to 10 cc. The reading in a 1 dm. tube was 
—3.75°. 

Dextro-Benzylphenylacetyl Chloride—10 gm. of dextro-benzyl- 
phenylacetie acid, 


+ 6.94 X 100 


3 = ——___—__—. = + 36.6°. [MJ = + 82.8° (i 
[a),, 1 X 18.948 + 36.6°. [M], = + 82.8° (in ether), 





were treated with 20 gm. of thionyl chloride and allowed to stand at 
room temperature overnight. The next day the solution was 
refluxed on the steam bath for 15 minutes whereupon the excess of 
thionyl chloride was removed under reduced pressure. Without 
further purification the residue showed a rotation of 


. 8.11° X 100 - 
* = pS 8 + 43.0°. [M]- = + 105.3° (in ether). 


lal 1 X 18.864 D 


On distillation under a pressure as low as 0.2 mm. there was a 
slight racemization, so no attempt was made to purify the chloride 
further. 

Dextro-Benzylphenylacetamide.—10 gm. of dextro-benzylphenyl- 
acetyl chloride, described above, ([aj; = +43.0°), were dropped 
slowly with thorough cooling and rapid stirring into about 5 mols of 
concentrated alcoholic ammonia. When all the chloride had 
been consumed, an equal volume of water was added. The amide 
precipitated immediately. It was then recrystallized from 50 per 
cent alcohol until free from ammonium chloride. When pure it 
melted at 134° and showed a rotation of 


= _ +1.96° X 100 


lel = aa" + 41.2°. [MJ> = + 92.8° (in 95 per cent alcohol). 


That some racemization had taken place during the reaction is 
evident from the fact that in another experiment an acid with a 
rotation of 

+ 9.32° X 100 


lls = Sc a5 a36 — + 368°. [MID = + 831° (in ether) 








yielded an amide with a rotation of 


_ +3.96° X 100 


[a], = ixtm + 50.7°. [MJ], = + 114.1° (in 95 per cent alcohol). 
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0.1000 gm. substance: 4.01 cc. 0.1 N HCl (Kjeldahl). 
Ci;H;sON. Calculated. N 6.22. Found. N 5.61. 


Levo-Benzylphenylacetonitrile—10 gm. of the dextro-benzyl- 
phenylacetamide described in the preceding experiment ([a];° = 
+41.2°) were mixed with 8 gm. of phosphorus pentoxide. The 
mixture was heated until molten. The nitrile was poured off, dis- 
solved in ether, washed, and finally dried over anhydrous sodium 
sulfate. When the ether was removed the residue solidified. 
Without purification it showed an optical rotation of 


~  — 0,38° x 100 : , a 
[a], = Tx 12724 = — 3.0°. [M],, = — 6.8° (in absolute alcohol). 
The nitrile was then recrystallized several times from ether 
from which it crystallized well when cooled to about —55°. About 
2 gm. of material were obtained which showed a rotation of 
— 0.89° X 100 


5 = ar 79°. (MI 
lel, 1 X 11.316 (MI, 


— 16.3° (in absolute alcohol). 


4, + 0.69° X 100 a “ 
” ixnes "*T* & 


+ 7.7° (in ether). 


0.1000 gm. substance: 4.60 cc. 0.1 N HCl (Kjeldahl). 
C.i;sHi;N. Calculated. N 6.74. Found. N 6.44. 


In the majority of cases the nitrile obtained by this method was 
either inactive or only slightly active. 

Reduction of Benzylphenylacetonitrile—15 gm. of the nitrile 
were dissolved in 390 ec. of 95 per cent alcohol. 30 gm. of sodium 
were then added with rapid stirring to the boiling solution. When 
all the sodium had dissolved, ice and water were added and then an 
excess Of hydrochloric acid. The alcohol was removed under 
reduced pressure. An oil collected at the surface of the aqueous 
solution. This was extracted with ether and set aside for later 
examination. The aqueous mother liquor was made strongly 
alkaline with sodium hydroxide and the amine extracted with 
ether, dried over anhydrous sodium sulfate, and finally distilled 
under a pressure of 0.6 mm. It boiled constant at 128-129°. 
Yield, 5 gm. 

The ethereal extract of the acid solution mentioned above was 
washed with water and dried over sodium sulfate. The residue 
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crystallized on standing. On recrystallization from petrolic ether 
a snow-white substance was obtained which melted at 52°. This 
proved to be 2,3-diphenylpropane. 

3.720 mg. substance: 12.550 mg. CO, and 2.685 mg. H;O. 


CyHus. Calculated. Cc 92.37, H 7.69. 
Found. “91.99, ‘ 8.07. 


Resolution of d,l-Benzylphenylethylamine.—23.5 gm. of the amine 
were poured into 16.7 gm. of tartaric acid dissolved in 500 ec. of 
water. The solution was allowed to stand at room temperature 
overnight. The crystalline precipitate was filtered off and re- 
crystallized once more from 500 ec. of water. The salt was then 
decomposed with sodium hydroxide and the amine distilled under a 
pressure of 0.6mm. The amine showed a rotation of 


_ +4.40° x 100 


» = = + 27.1°. > = 7.1° (i ; 
la); 1 x 16.264 + [M], = + 57.1° (in 75 per cent alcohol) 


+ 5.26° X 100 


[al = in * + 27.3°. [MJ]; = + 57.6° (in ether). 


+ 31.21° + 65.85° 


6 


(without solvent). 





[M]; = 


3 
[a], = 
In another experiment an amine was obtained with a rotation of 


» _ +9.61° X 100 


[a], —_ “1 X 23.960 = + 40.1 = [M],, = aa 84.6 (in ether). 


Even this rotation could have probably been improved upon by 
further recrystallization but as in the previous experiments, no 
such attempt was made. 
The levorotatory fraction was obtained from the mother liquors. 
The hydrochloride of the amine was easily obtained by saturat- 
ing an ethereal solution of the amine with dry hydrochloric acid 
gas. The rotation of the hydrochloride was 


»  — 0.64° X 100 . : of; 

[a], = a 16.0°. [MJ], = — 39.6° (in 75 per cent alcohol). 
, — 0.62° x 100 ‘ 2s OK 

lal - 2x 3372 = — 18.4°. (M], = — 45.6° (in water). 


0.1117 gm. substance: 4.43 cc. 0.1 N AgNO; (titration). 
CysH;sNCl. Calculated. Ci 14.34. Found. Cl 14.07. 
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Dextro-2,2-Benzylphenylethanol.—2 gm. of dextro-2,2-benzyl- 
phenylethylamine, [a];> = +27.1°, were dissolved in 60 ec. of 10 
per cent sulfuric acid and cooled to 0°. Nitrous oxide was then 
passed through the solution until there was no further evolution 
of nitrogen. Much water was then added and the carbinol was 
extracted with ether. The extract was washed first with dilute 
sodium hydroxide, then with water, and finally dried over ether. 
The ether was removed and the residue distilled under reduced 
pressure. It was dextrorotatory as seen from the figures given 
below. 


lal? = + et = = + 18.6°. [M], = + 39.4° (in ether). 
+ 0.68° x 100 


la], = Tx 3.882 + 37.1° (in 95 per cent alcohol). 


= + 17.5°. [M]; 


Dextro-2,2-Benzylphenylethyl Chloride.—This was prepared by 
the action of nitrosyl chloride on 2,2-benzylphenylethylamine. 
15 gm. of the amine with a rotation of 


[a], = 1 ae ered = + 27.3°. [M]> = + 57.6° (in ether) 

were dissolved in 100 ec. of dry ether. This was cooled to — 55° 
and treated with an ethereal solution of nitrosyl chloride until the 
latter was no longer decolorized. Water was then added and the 
halide extracted with ether and finally dried over anhydrous sodium 
sulfate. When the ether was removed the residue weighed 7.5 gm. 
The unchanged amine was recovered and again treated with 
nitrosyl chloride. This was repeated until 13 gm. of the crude 
material were accumulated. To remove any carbinol that might 
have been formed during the reaction, the crude material was dis- 
solved in 26 ec. of dry pyridine and treated with 9 gm. of finely 
pulverized phthalic anhydride. The mixture was allowed to 
stand at room temperature overnight. The next day the solution 
was acidified with excess of hydrochloric acid and extracted with 
ether. The ether extract was washed with dilute sodium hydrox- 
ide to remove the phthalic acid and the half ester of the same. 
The ether extract was then dried, the ether removed, and the 
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residue distilled under a pressure of 0.8mm. The halide distilled 
at 130-132°. 


»s _ +.0.89° x 100 





= = + 12.2% (M]® = + 28.1° (i ’ 
lel, = > x730 77 [MJ> = + 28.1° (in ether) 
» +1.15° X 100 
= ———_~__ = + 12.3°.. [MJ® = + 28.3° (in abs 
[a], 1x 9.380 + [M],, wg (in ad. olute alcohol) 
[a] = + 9.08". [MJ] = + 19.8° (without solvent). 


0.1042 gm. substance: 0.0636 gm. AgCl (Carius). 
C;;H;;Cl. Caleulated. Cl 15.39. Found. Cl 15.10. 


Levo-2,2-Benzylphenylethanthiol—3 gm. of dextro-2,2-benzyl- 

phenylethy! chloride, 
s _ +1.19° X 100 ° w_ o fs 
lal = coe 7 + 13-0. IMI) = + 30.0" (in ether), 

were treated with 3 equivalents of a 10 per cent solution of alcoholic 
potassium hydrogen sulfide. The mixture was heated for 12 hours 
in a sealed tube at 100°. Water was then added and the mercaptan 
was extracted with ether, washed with water, and dried over anhy- 
drous sodium sulfate. It was distilled under a pressure of 0.3 mm. 
It boiled at 123-127°. 


» _ +1.01° x 100 


= > ; 25 _ ° © 
[a]; = ix? 7 + 13.3°. [M], = + 30.3 (in ether). 


0.1406 gm. substance: 0.1090 gm. BaSO,. 
CisHeS. Calculated. S 14.03. Found. S 10.65. 


Dextro-2,2-Benzylphenylethanesulfonic Acid—1.5 gm. of the 
above 2,2-benzylphenylethanthiol were dissolved in 100 ce. of ace- 
tone and 2 ce. of water. This was then treated with an acetone 
solution of barium permanganate until it was no longer decolor- 
ized. The manganese dioxide was then filtered off, and washed 
alternately with hot water and acetone. The combined filtrates 
were evaporated to dryness under reduced pressure. The residue 
of barium salt was washed with ether to remove unchanged mer- 
captan. It was dissolved in water from which it separated on 
cooling as a viscous precipitate. This was then stirred several 











Levene, Mikeska, and Passoth 59 


times with dry ether. It solidified on standing overnight. With- 
out any further treatment the salt was pure as seen from the 
analysis given below. It showed the following rotation. 


For Ba salt [a]; = ———— = + 115°. [MJ} = + 39.7° (in water). 


6.970 mg. substance: 2.370 mg. BaSO, (for Ba). 
0.0802 gm. ” : 0.0546 gm. “ (‘ §) (Carius). 
C3oH30S,05Ba. Calculated. Ba 19.98, S 9.35. 
Found. ** 20.00, ‘‘ 9.31. 


To determine the rotation of the free sulfonic acid, 0.1170 gm. 
of the barium salt was treated with 0.5 ec. of concentrated hydro- 
chloric acid and diluted to 3 cc. The reading in a 1 dm. tube was 
+0.35°. Hence, 4 


_ + 0.35" X 100 


[a], = Tx 3132 7 + 11.2°. [MJS = + 30.8° (in water). 


The rotation of the free acid was also determined in 50 per cent 
aleohol. 0.1356 gm. of the barium salt was treated with 0.5 ce. of 
concentrated hydrochloric acid and 2.5 ec. of absolute alcohol. 
The solution was then diluted to 5 ec. with water. In a 1 dm. 
tube the rotation was found to be +0.23°. Hence, 


b= ae = + :10.6°. [M]S = + 29.3? (in 50 per cent alcohol). 


BIBLIOGRAPHY. 


1. Levene, P. A., and Mikeska, L. A., J. Biol. Chem., 84, 571 (1929). 
2. Levene, P. A., and Mikeska, L. A., J. Biol. Chem., 75, 587 (1927). 

















A SIXTY CYCLE CONDUCTIVITY ASSEMBLY FOR 
BIOLOGICAL FLUIDS. 


By F. WILLIAM SUNDERMAN.* 


(From the John Herr Musser Department of Research Medicine, University of 
Pennsylvania, Philadelphia.) 


(Received for publication, February 26, 1930.) 


For certain clinical and biological measurements of conduc- 
tivity in which no high degree of precision is required, a method is 
desirable which takes less time to operate and is more economical 
in use of material to be tested than the standard Kohlrausch 
method. To meet this need Christiansen (1) introduced the 
ionometer and Gram and Cullen (2) after testing its accuracy 
advocated its use in measuring the conductivity of serum. The 
ionometer is a direct current spring voltmeter connected in series 
with a capillary type of conductivity cell. Its scale divisions are in 
arbitrary units which for any given electrolyte in a given cell may 
be calibrated against known concentrations of the electrolyte. 
The following method adapted for a 60 cycle alternating current 
retains the simplicity of operation of the ionometer, has the ad- 
vantage of the bridge principle, and is in certain respects more 
convenient. It consists of a 60 cycle, 110 volt bridge with an 
A. c. galvanometer as a null-point indicator and a cell of high 
resistance and small capacity. 

The 60 cycle bridge employed is a modified form of the sugar-ash 
resistance bridge, recently described by Parker (3), which is used 
to determine the amount of electrolyte in sugar. The bridge has 
a slide wire scale calibrated in reciprocal megohms. By means 
of a double throw switch a compensator resistance may be inserted 
in one of the arms of the bridge to correct, respectively, for changes 
in cell constant and for deviations in temperature from 20°, so that 
it is possible to obtain directly readings expressed in terms of 
specific conductivity at 20°. The compensator resistance in our 
bridge was modified to correct for changes between 7 and 15 
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reciprocal cm. in the cell constant range and for changes in tem- 
perature for fluids having a temperature coefficient of 1.9 per cent 
per degree centigrade, which is approximately the temperature 
coefficient of 0.1 n NaCl. Furthermore, the temperature com- 
pensation was designed to reduce all readings of the specific con- 
ductivity to 25° instead of 20°.' 





Fic. 1. Pipette cell for use with 60 cycle bridge assembly. 


A drawing of the conductivity cell which we designed for use 
with the assembly is shown in Fig. 1. This cell is of a pipette type 
of 1 ce. capacity with electrodes 5 mm. in diameter and 25 mm. 
apart. To avoid polarization effects in a cell of small volume 
with small electrodes, a high cell constant must be employed. 
This was obtained by constricting the tube between the electrodes. 
The constant for the cell shown is about 9 reciprocal em. From 
KXohlrausch’s data* it might be expected that polarization in this 


1 This bridge was constructed for us through the courtesy of the Leeds 
and Northrup Company. 

? Kohlrausch and Holborn (‘‘Leitvermégen der Elektrolyte’’ Teubner, 
Leipsic (1916)) obtained satisfactory minima in the telephone with resist- 


15 ‘ . 
ances as low as— ohms, where n is the area of one electrode in sq. cm. 
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cell would interfere appreciably in conductivity measurements 
with solutions giving a resistance below approximately 75 ohms 
(0.013 mhos). The cell is fitted with a stop-cock and after a 
measurement is made, the material may be recovered for use in 
other determinations. 

Comparison of Assemblies and Cells—We have made a series of 
measurements with the ionometer and the 60 cycle bridge and 
have compared them with a Wheatstone bridge assembly accord- 
ing to the method of Kohlrausch, using a Leeds and Northrup 
drum-wound slide wire resistance with extension coils, adjustable 
head phones, and an audiooscillator with a frequency of 1000 
cycles. All measuring cells were immersed in a water bath auto- 
matically controlled at 25° (+ 0.02°). Parker’s studies (4) on the 
calibration of cells would indicate that “the cell having electrodes 
at the greatest distance gives the most nearly correct value for the 
specific conductivity of a given solution.’”’ Certainly in measure- 
ments of higher conductivity where polarization is conspicuous, 
it may be accepted that the choice of cell is one having the greater 
distance between electrodes and exhibiting the higher resistance. 
For this reason we have used with the Kohlrausch assembly a 
modified type of Henry cell with electrodes approximately 1.5 
sq. cm. in area and 10 cm. apart as a standard reference cell. In 
Table I are given the conductivity measurements of KC] solutions 
in the Henry and pipette cells with the Kohlrausch and 60 cycle 
bridge assemblies and in the capillary cell as used with the ion- 
ometer. The scale of the ionometer was calibrated against known 
resistances up to 20,000 ohms; beyond this, the resistance corre- 
sponding to the scale readings was calculated from the known 
resistance of the ionometer.® 

One of the simplest ways of comparing the accuracy of two or 
more conductivity methods is to measure a series of solutions by 
each of the methods and to calculate the ratio of the conductivities 
obtained for each solution. The so called cell constant ratio 
obtained should remain constant. The cell constant ratios given 

‘ P ‘ (S; — S,) 

3 This calculation was made by using the formula R, = =" Ri; 
where R; and R, are the ionometer and unknown resistances and S, and S; 
are the scale readings of the ionometer with and without the unknown re- 
sistance in series. 
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in Table I represent the ratio of the conductivity with the Henry- 
1000 cycle Kohlrausch system taken as standard to the con- 
ductivity of the other cells and assemblies for the same solutions. 






































TABLE I. 
Conductivity Measurements at 25°. 
| j | Percentage 
Kohirausch x-60 cycle | — 
- rau c- | y 
i assembly bridge of | Cell constant ratios. | ansaily 
(1000 cycles). | assembly. ssstens from 
| Kohlrausch 
} | assembly. 
| | -|< | ” -|3 
é | = lal F | 3g | aig aig). | « 
| 3 @ |g) 2! p [Sel Se se] z | 3 
fie) ¢]el]¢] 2 | ae) sb] ee) 2] 3 
5 | = 2 . oe. | ‘B | 3/8 el | s\o e| 2 
Z| = fie)! & |e) jas) 2 | z 
- mhos | mhos | mhos | mhos mhos 7 ” | _— 
X18 | xX 108 | X 108 | xX 108 X 108 | | 
0.05) 0.58365 | 0.74328 | 0.575) 0.721 0.01405* 0.7853, 0.810 41.5|—1.5;—3.0 
0.10) 1.1397 | 1.451 1.13 | 1.45 |0.0269* (0.7853) 0.786) 42.3 —0.9) 0.0 
0.20, 2.1798 2.775 | 2.17 | 2.77 \0.0516 0.7854 0.787 42.3)—0.5,—0.2 
0.40) 4.170 | 5.3154 | 4.17 | 5.30 [0.0930 (0.7843) 0.787 44.8) 0.0/—0.4 
0.70, 7.042 | 8.952? | 7.04 | 8.93 \0.1535 (0.7866 0.789) 45.9) 0.0/—0.2 
1.00 9.767 (12.474 9.77 |12.4 (0.2049 (0.7830) 0.788 47.7| 0.0|\—0.8 








2.0018.487 23.307 18.50 |23.0 (0.3424 (0.7933) 0.804) 54.0; 0.0\—-1.3 


3.0026.21 33.17 26.10 31.8 | (0.7902, 0.824) —0.4/-4.4 
4.0032.64 41.50 32.70 [39.9 | (0.7865) 0.816 (+0.3/-3.9 





* Resistance measured from scale readings and calculated from formula 
given in foot-note 3. 


Henry-1000 cycle 
pipette-1000 cycle 





The ratio is practically constant throughout all 


Henry-1000 cycle 


ratio appears to rise 
pipette-60 cycle — 





concentrations studied ; the 


Henry—1000 cycle 
capillary-ionometer 
ratio rises with the concentration throughout the range studied. 
In concentrations between 0.1 m and 1.0 mM KCI solutions the per- 
centage deviations of the 60 cycle bridge measurements are within 
1 per cent of those made with the Kohlrausch method. Some- 
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what greater deviations occur in the more dilute and more con- 
centrated solutions. 

The rise of the cell constant ratio of the ionometer amounts to 
over 30 per cent between concentrations of potassium chloride of 
0.05 and 2.0 n. The magnitude of the polarization effect pre- 
vents the use of the ionometer for conductance measurements 
except for relative measurements where the polarization is largely 
compensated in the calibration of the instrument. In the ordinary 
use of the ionometer for measurements of serum conductivity 
the seale is empirically calibrated by standard solutions before use. 
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Fic. 2. Percentage deviation from readings of the specific conductivity 
at 25° when compensator resistance was used to correct for deviation of 
temperature from 25°. O represents 0.0551 m NaCl; A, 0.111 m NaCl; 
©, 0.199 m NaCl; X, 0.513 m NaCl; @, dog serum. 


Conductivity measurements of seven pathological sera and two 
normal urines with the 60 cycle bridge assembly agreed with the 
Kohlrausch assembly within the limits of —0.6 and +0.5 per 
cent. These deviations are within the error of the scale readings 
of the 60 cycle bridge. 

Compensator Resistance for Correction of Temperature—The 
variable resistance which may be used in the 60 cycle assembly to 
correct the specific conductance to 25° is a convenience in the 
measurement of fluids whose temperature coefficient is sufficiently 
close to that of 1.9 per cent per degree centigrade. The filled cell 
is placed in a large water bath at room temperature and in 2 min- 
utes, after temperature equilibrium is reached, the calibrated 
compensator resistance is adjusted to correspond to the cell con- 
stant and to the temperature of the bath. The specific con- 
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ductivity is then obtained as if read at 25°. Fig. 2 presents the 
percentage deviation between readings of salt solution and serum 
made at various temperatures and corrected by the compensator 
dial to 25° and the uncorrected readings on the same solutions 
made at 25°. Measurements between temperatures of 20° and 
30° are seen to be within the experimental error. 

In recent investigations of the serum electrolytes in pneumonia, 
Sunderman, Austin, and Camac (5) suggested that with the aid of 
the Gram and Cullen formula to correct for protein, conductivity 
measurements might be utilized as an approximate estimate of 
total base in serum. While this relationship was true in pneu- 
monia patients followed through the course of the disease, further 
study has indicated that it represents only a special case of the 
possible relationships existing in serum between conductivity and 
total base. A study of forty-eight specimens of serum taken from 
normal subjects and patients with miscellaneous diseases fails to 
reveal satisfactory correlation between serum conductivity, cor- 
rected or uncorrected, and total base. 


SUMMARY. 


A conductivity bridge assembly utilizing a 60 cycle lighting 
current and adapted for measurements of biological fluids has 
been described. It has been compared with the standard Kohl- 
rausch method and the ionometer. 


BIBLIOGRAPHY. 


. Christiansen, J., Wien. Klin. Woch., 35, 461 (1922). 

. Gram, H. C., and Cullen, G. E., J. Biol. Chem., 57, 477 (1923). 

. Parker, H. C., J. Chem. Education, 7, 69 (1930). 

. Parker, H. C., J. Am. Chem. Soc., 45, 1366 (1923). 

. Sunderman, F. W., Austin, J. H., and Camac, J. G., J. Clin. Inv., 3, 
37 (1926). 


woo 


of 











THE METABOLISM OF TRIBUTYRIN. 


By RUSSELL E. DAVIS, 


(From the Laboratory of Agricultural Chemistry, the Ohio State University, 
Columbus.) 


(Received for publication, April 28, 1930.) 


The digestibility of the glycerides of the lower fatty acids, their 
deposition in the fat depots, and their final transformations in the 
body are matters of considerable uncertainty. Butyric acid, if 
present in natural fats, exists not as tributyrin but rather as mixed 
glycerides. If tributyrin could be fed in quantity, its effect on 
depot fat and on the excretion of acetone bodies would give infor- 
mation of value. But tributyrin is intensely bitter and decidedly 
toxic. Animals will not willingly eat large amounts of it. Eck- 
stein (1) found that butyric acid could be fed to rats in the form 
of sodium butyrate up to 19 per cent of the ration. He found the 
butyryl radical was not deposited in the fat tissues. Our work 
confirms this. 

We have been able to administer tributyrin in three ways: 
(1) to chickens by pipette, (2) to rats as a part of a mixed ration 
up to about 9 per cent, and (3) to rats subcutaneously or intra- 


peritoneally. 
Digestion. 


The digestibility of tributyrin was determined by feeding it to 
chickens. Rats could not be used because they scattered so 
much feed that it was impossible to separate it quantitatively 
from the feces. Any amount of tributyrin could be given chickens 
by pipette. By using this technique there was no chance of 
getting any tributyrin in the feces except the undigested portion 
which was excreted. 

The procedure used is as follows: The chickens were kept in 
metabolism cages which were set over large evaporating dishes. 
The feces were collected at regular intervals and the feed collected 
and weighed. 
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68 Metabolism of Tributyrin 


The basal ration was kept before the chickens at alltimes. This 
basal ration contained per 75 gm. : 


gm. 
Meat scrap (ether-extracted) ............ cece cece eee ee eee 18.0 
ae rare cree eda ahs gt ch va arse abate hard 0 an oS 42.5 
sci irasyananvinevaukaeuwedsseenk oaaeqed ean 0.5 
eee Calc atins nek tld Sateen eae wade es ae ewes 10. 
4.0 


Osborne and Mendel salt mixture (2).............-.0eeeee 


The amounts of tributyrin given varied with the amount of feed 
eaten and with the time of the experiment. In general the tribu- 
tyrin made up about 18 per cent of the feed consumed. 

The feces were dried, ground, and extracted with ether. The 
ether extract was saponified with alcoholic potassium hydroxide. 
The alcohol was evaporated off and the solution acidified with 
sulfuric acid, and steam-distilled. The volatile, water-soluble 
fatty acids were collected, titrated, and calculated as butyric 
acid. Blank determinations were made on the basal ration. 
The results given in Table I have been corrected by subtracting 
this blank. Tributyrin was added to feces and subjected to the 
same procedure, and it was possible to recover from 97 to 99 per 
cent of the butyric acid. 

Tributyrin was toxic to chickens. Lesions were found in the 
proventriculus and in the gizzard. The intestinal walls were 
inflamed and in some cases the mucosa apparently had been 
destroyed in the fore part of the small intestine. There was some 
hemorrhage, blood being detected in the feces. In every case the 
gallbladder was greatly enlarged and often bile had been regurgi- 
tated into the gizzard. 

Table I gives the results of a set of digestibility determinations. 
It is seen that tributyrin is digested by chickens. The digesti- 
bility falls off if the experiment is repeated with the same chicken. 
This is probably due to the toxic effect of tributyrin and to damage 


to the digestive organs. 


Storage of Tributyrin. 
Rats weighing about 100 gm. were used in these experiments. 


They were caged individually and weighed every 3 or 4 days. The 
food was weighed at the same time. The experiments ran about 
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3 weeks. The diets used in these experiments are given in Table 
II, and food consumption and body weights in Table III. 

The rats were killed by an overdose of chloroform and the depot 
fat was removed by dissection. This fat together with the hide 


TABLE I. 
Digestibility of Tributyrin in the Hen. 





























l : , , : 
— : . Tributyrin | Tributyrin . : : 
x Basal Tributy Tribut T f 
Hen No, | Basal sation| Tributyein | red. per cent] recovered” | Tybutyrin | Tine, 
| gm. gm | gm. per cent | Ars. _ 
la | 41.3 9.6 18.8 | 0.71 92.5 | 48 
lb | 58.5 10.2 15.0 | 2.7 | 73.5 | 48 
2 | 71.2 19.7 | 26 | 1.0 95.0 | 72 
3 | 46.6 31.7* | 405 | 3.9 | 87.8 | 48 
4 55.0 9.9 | 15.2 1.5 | &.9 | 48 
5a 43.5 | 10.1 | 19.0 | 0.2 | 98.0 | 48 
5b 47.8 | 11.2 1990 | 26 | 78 | 4 
*10 cc. of tributyrin were given every 6 hours. 
TABLE IL. 
Composition of Diets. 
The quantities of the substances are expressed in gm. 
Diet No. 
Feed. sciatic aici tail —— = 
1 2 3 4 5 6 
CS pide Veenbndadawtens 9 9 9 9 
sins india yaa eee wa hx iene 52 49 | 61 68 | 58 
SR itassstunenckawewaneeceneny 10 | 10 10 «62 
DS 2 os peliwaneiisnndananeeel 2 | 20 | 20 | 20 | 2 | 20 
ica cteanniteceasawendeee 5 5 | 5 5 8s | 8 
Ne tidicxnsdeteranriniees 4/4) 4) 4 > 4) 4 
ES ST EP ee | 3 | 
EO ee 2 2 2 2 ss fF 





* Osborne and Mendel salt mixture (2). 


was extracted with an alcohol-ether mixture which consisted of 3 
parts of alcohol to 1 part of ether (3). The alcohol and ether were 
evaporated off at reduced pressure and the residue extracted with 
anhydrous ether. This fat was used in the saponification number 
determinations which were made according to the official method 
(4). The results of these experiments are given in Table LV. 
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Because of the toxic effect of the tributyrin it was impossible 
to feed large quantities of it. In order to give rats large quantities 


TABLE III. 
Food Consumption and Body Weights of Rats Fed with and without Tributyrin. 






































Rat No. | Initial weight. | Final weight. | Feeding | a. | Diet No. 
| gm. gm. days | gm. 
1 148 161 21 | 138 | 1 
2 116 112 | 21 ll | 1 
3 | 127 re eS a eC | 
4 | 121 122 21 | 0s | 1 
17 | 192 206 25 172 | 1 
19 | 130 158 25 138 | 1 
7 108 127 21 | 128 | 2 
8 131 | 142 220 | 138 2 
9 94 109 206s]: CoastsiéS 2 
1 161 | 170 3 | 62 | 38 
12 | 186 | 219 | 28 | 26 | 38 
13 173 195 | 2 | 20 | 3 
14 188 | 195 25 | 207 4 
15 185 180 25 212 | 4 
16 179 | 195 25 188 4 
TABLE IV. 
Effect of Tributyrin Feeding on the Composition of Depot Fat in the 
White Rat. 
a KOH (05x) | co rigeatic 
Diet No. Rat No. | a _fequized for, | Sapenifention 
| gm. ce. 
1 1,2,3,4 | 2.542 17.6 193.5 
2.243 15.4 193.0 
1 17, 19 2.172 | 15.4 198.5 
1.844 | 12.8 197.0 
2 7, 8,9 | 2.69 | 18.3 | 190.5 
1.522 | 10.3 191.0 
3 11, 12,13 | 2.891 | 20.2 196.0 
2.220 | 15.2 194.0 
4 | 14, 15,16 | 2.426 | 17.1 197.5 
2.620 | 18.2 195.0 





of tributyrin it was injected subcutaneously and intraperitoneally. 
2 ce. of tributyrin were injected daily for varying lengths of time. 
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The rats were killed by an overdose of chloroform and before the 
fat was removed all unabsorbed tributyrin was carefully washed 
off. The following tabulation gives the saponification numbers 
which were obtained in these experiments. 





Saponification No. 








Rat No. | Injection. 
a a ec. | 
31 4 288.8 | Subcutaneous. 
32 | 4 | 283.8 
33 4 280.5 Intraperitoneal. 
34 4 | 285.6 





10 ec. of tributyrin were injected intraperitoneally into a large 
vigorous rat. 2 hours later the rat was found dead. On autopsy 
much of the tributyrin was recovered from the body cavity. The 
internal organs appeared to be normal. The experiment was 
repeated and the rat observed continuously after the injection of 
the tributyrin. 

The tributyrin had a decided anesthetic action. In about 15 
minutes anesthesia was complete. The rate of breathing became 
very slow and ceased entirely 1 hour and 12 minutes after the 
injection of the tributyrin. On autopsy the heart was found 
to be tightly contracted. The internal organs appeared to be 
normal. The experiment was repeated with similar results, ‘the 
rat dying in less than 1} hours. 

The fat of these animals was examined as in previous experi- 
ments and the saponification number was the same as that of 
normal rat fat. Because of the short time between the injection of 
the tributyrin and the death of the animal one would not expect 
much fat storage. 


Effect of Tributyrin on Formation of Acetone Bodies. 


According to the 6-oxidation theory a diabetic animal should 
excrete more acetone bodies when fed tributyrin than when fed an 
equal amount of fats having longer fatty acid chains. We tested 
this by using rats which were rendered diabetic by phlorhizin. 
Diets 1, 3, 5, and 6, whose composition is given in Table I], were 
used in these experiments. 

The procedure of Levine and Smith (5) was followed with a 
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few modifications. The rats were kept in cages so constructed 
that the urine could be collected under mineral oil. A solution 
of sodium fluoride was used as a preservative for the urine. The 
urine was collected every 2nd day and was immediately analyzed. 
The phlorhizin was suspended in olive oil and was injected daily. 
The daily dose was 25 mg. for the first series and 37.5 mg. for the 
second series of experiments. 

The acetone bodies were determined according to the method of 
Van Slyke (6). $8-Hydroxybutyrie acid, acetoacetic acid, and 
acetone were determined together and reported as acetone. Sugar 
and nitrogen were determined in several samples. Sugar was 
determined by the Bertrand-Walker-Munson (7) method. A 
modified Kjeldahl method was used to determine the total nitrogen. 


DISCUSSION. 


Tributyrin is digested by the hen but the digestibility falls off if 
the same hen is used for a second trial. The average digestibility 
for all determinations was 86.9 per cent. The average of five first 
trials was 91.6 per cent. It is believed that this decrease in 
digestibility is due to injury of the digestive tract by the tributyrin. 

It is interesting to note that during the steam distillation of hen 
feces for the determination of butyric acid insoluble volatile fatty 
acids were obtained along with the soluble volatile acids. The 
amount of insoluble volatile acids was less in the blank determina- 
tions than in the experiments in which tributyrin was fed. This 
suggests that some synthesis of higher fatty acids had taken place 
in the intestine. 

When tributyrin was injected into rats there was an increase in 
the saponification number of the depot fat, which indicates that 
there is some storage of tributyrin. There was not a great deal 
of difference between results with subcutaneous and intraperitoneal 
injections; the saponification number was raised to over 280.0 
in every case. On the other hand when tributyrin was fed there 
was no increase in the saponification number of the depot fat. 
These results indicate that there is no storage of tributyrin when 
it is fed. 

Since tributyrin was digested and absorbed and was not stored 
in the animal body, what was its fate? There are several possible 
answers to this question. The butyric acid might have been trans- 
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formed to higher fatty acids as it passed through the intestinal 
wall or elsewhere, it might have been oxidized at once and spared 
other fats to be stored, or thirdly, it might have been converted 
to glucose. Our experiments lead us to believe that the butyric 
acid was transformed in part to higher fatty acids. From the 
fact that the injection of tributyrin increased the saponification 
number of the depot fat, while the feeding of it did not, it seems 
probable that the fat is transformed before entering the blood. 
The presence of increased amounts of insoluble volatile fatty acids 
in the feces after feeding the tributyrin might be explained on the 
basis that higher fatty acids are being built up in this transforma- 
tion. Leube (8) found that the Reichert-Meissl number of the 
depot fat of a dog did not change when large quantities of butter 
were fed. Hughes (9) observed that short chain fatty acids 
were not stored in the animal body. All of this evidence supports 
the view that the fat is transformed but of course does not describe 
the mechanism of the change. An increased excretion of acetone 
bodies following tributyrin feeding with starch-free diets indicates 
that a part of the absorbed tributyrin was rapidly oxidized. The 
amount of glucose excreted by phlorhizinized rats fed tributyrin 
does not indicate a conversion of butyrin to glucose. It was 
observed that the presence of carbohydrates in a diet high in lard 
has a marked antiketogenic effect in the phlorhizinized as well as 
in the normal rat. For example, the removal of the starch from 
the diet raised the acetone body excretion from 0.57 mg. per 2 
day period to 1.6 mg. in the normal, and from 28.8 to 161.0 mg. in 
the phlorhizinized animal. A probable explanation for the anti- 
ketogenic effect of carbohydrate in the phlorhizinized rat is that 
the phlorhizinized animal is still able to oxidize carbohydrates and 
when carbohydrates are being oxidized the normal oxidation of 
fats can occur also. The substitution of tributyrin for lard to the 
extent of 9 per cent had no marked effect on acetone body excre- 
tion provided 10 per cent of starch also was in the food mixture. 
A rat receiving no tributyrin excreted 0.57 and 28.8 mg. of acetone 
bodies per 2 day period without and with phlorhizin respectively. 
A rat that received tributyrin similarly excreted 0.50 and 26.6 
mg. When the diet was very low in carbohydrate, containing 
only small amounts from the yeast and impure casein, but was 
high in lard, the average excretion of acetone bodies per 2 day 
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period was 2.1 mg. when no phlorhizin was given and 196.9 mg. 
when phlorhizin was administered. When tributyrin was added 
to the starch-free diet the acetone body excretion per 2 day period 
averaged 2.9 and 324.8 mg. without and with phlorhizin respec- 
tively. 

SUMMARY. 

The average digestibility of tributyrin as determined by seven 
trials with five hens was 86.9 per cent. If two second trials are 
excluded the average of the first trials was 91.9 per cent. The 
toxicity of tributyrin is believed to be the cause of the decrease in 
digestibility when the same hen is used for the second trial. 

There was some storage of tributyrin in the depot fat when it 
was injected subcutaneously or intraperitoneally. The saponifi- 
cation number of the depot fat from injected rats was about 285, 
that from control rats was 195. 

No tributyrin was stored in the depot fat after tributyrin was 
fed. It is believed that the fat was transformed in part as it 
passed through the intestinal wall. The remainder probably was 
oxidized rapidly. 

The amount of acetone bodies excreted by both normal and 
phlorhizinized rats increased when carbohydrate was removed from 
the diet. When tributyrin was fed the excretion of acetone bodies 
increased, provided the diet used was very low in carbohydrate; 
otherwise tributyrin had no such effect. These facts are in 
agreement with the theory of 8-oxidation of the fatty acids and the 
antiketogenic effect of carbohydrate metabolites. 

The quantitative relations between carbohydrate oxidation and 
fat oxidation that fix a maximum ketogenic-antiketogenic ratio 
for man beyond which acetone bodies appear in the urine in large 
amounts do not hold at all for the rat. 


It is a pleasure to acknowledge indebtedness to Professor J. F. 
Lyman for valuable advice and criticism. 
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AN IMPROVED DISTILLATION METHOD FOR THE 
DETERMINATION OF UREA IN BLOOD. 
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(Received for publication, May 13, 1930.) 


Since the discovery of the high urease content of the jack bean, 
the enzymatic decomposition of urea by jack bean meal extracts 
has replaced every other process for the preliminary hydrolysis of 
the urea. Before the ammonia thus produced can be Nesslerized, 
it must be separated from the protein materials of the jack bean 
extract. The reason why it is necessary to isolate the ammonia is 
not so much the production of turbidity, for that could be obviated ; 
the compelling reason is that protein or amino acid materials have 
a profound effect both on the quality and on the quantity of color 
which ammonia gives with Nessler’s reagent. All short cut 
methods for the Nesslerization of urea nitrogen are therefore likely 
to be grossly erroneous or, at least, unreliable. 

In the paper by Folin and Wu on blood analysis, the determina- 
tion of urea received much attention and several combinations of 
procedures were described, so as to meet the need of different 
laboratory conditions. The method based on the isolation 
of the ammonia, from the decomposed urea, by distillation should 
have been the most generally useful, but it has not met with 
much favor. The reasons for this apparent neglect of an intrinsic- 
ally excellent method are not difficult to find. The bumping, 
foaming, and back suction encountered while trying to distil off 
the liberated ammonia must have discouraged many who tried to 
use the method. As our plan of work called for a great many blood 
urea determinations, we undertook first of all to subject the dis- 
tillation method to a thorough, critical revision, and we believe 
that we have succeeded in completely eliminating the three causes 
for ruined determinations, bumping, foaming, and back suction. 

1. Prevention of Bumping.—Bumping is an all too well known 
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phenomenon, particularly when boiling alkaline solutions, and 
none of the ordinary, most simple preventives, such as the addition 
of taleum powder, glass beads, pebbles, or metal wire is uniformly 
effective in preventing it. Students often have trouble with it in 
their macro-Kjeldahl distillations. Yet a fairly simple and quite 
effective remedy against bumping has been known in organic 
chemistry for a very long time, but for some reason has not come 
into general use in biochemical laboratories. This remedy consists 
simply of a rather fine glass tube closed at one end and open at the 
other. When the open end of such a tube rests on the bottom of 
the flask or test-tube, enough motion is produced at the bottom by 
the air inside the tube to prevent explosive evolutions of steam. 
This simplest form of antibumping tube is not serviceable for all 
purposes, and for quantitative work it is better, indeed some- 
times essential, to employ a tube of such a construction that it can 
not suck up, by the effect of a partial vacuum, a part of the liquid 
remaining in the flask at the end of a distillation. In this form 
of antibumping tube, the open space in contact with the bottom of 
the test-tube is only 2 to 4 mm. in length and may advantageously 
be at least 2 mm. in diameter. Antibumping tubes of this con- 
struction can be used over and over again until accidentally broken. 
They are so generally useful, yet inexpensive, that they can be used 
almost as freely as pebbles. Our antibumping tubes are of Pyrex 
glass and are made for us by Eimer and Amend (see Fig. 1). 

These antibumping tubes will unfailingly produce smooth and 
even boiling provided that too much heat is not applied just when 
the liquid in the tube begins to boil. 

2. Prevention of Foaming.—It is practically hopeless to try to 
boil off ammonia from a test-tube in the presence of urease unless 
some adequate antifoaming reagent is present. In this laboratory 
we have always used a heavy black mineral oil as antifoaming 
reagent both in aeration and distillation methods for the removal of 
ammonia. Our oil was unfortunately referred to in the Folin-Wu 
paper as paraffin oil, and this one simple inaccuracy in description 
has probably been responsible for many failures encountered by 
others in their urea determinations. Paraffin oil is a definite com- 
mercial product which is colorless and has only slight antifoaming 
properties. The most effective antifoaming oil is the crude viscous 
product which is used as fuel in oil-burning furnaces. Crude fuel 
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oil is, however, unsatisfactory in one respect; it contains much 
material which is driven off in solid form by steam. The steam 
which drives over the ammonia will consequently yield turbid 
distillates when fuel oil is present in the boiling tube. Theoretic- 
ally, it should be easy to remedy this defect in fuel oil, for all that is 





Nofe anti-bumping tube inside tube A 
Fic. 1. 


required is to subject a batch of the oil to prolonged treatment with 
live steam. Practically such a purification process has proved 
rather bothersome, at least when working with more than small 
batches. It is therefore rather fortunate that it is not necessary 
to insist on this purification. The fuel oil is so effective that turbid 
distillates can be avoided by simply cutting down the amount used 
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for each distillation. Instead of purifying the oil we therefore 
simply dilute it. 

To 1 volume of crude fuel oil add about 10 volumes of toluene. 
2 drops of this mixture will completely prevent the foaming if the 
boiling process is started slowly. The toluene is added to elimi- 
nate the viscosity of the mixture. This toluene will produce a 
transient turbidity in the distillate which should not be confused 
with the turbidity discussed above. 

3. Delivery Tube for Ammonia Distillation—Through the com- 
bined effects of the highly efficient antibumping tube and the anti- 
foaming oil mixture, the process of boiling off the ammonia formed 
from the decomposed urea is made so smooth that the danger of 
back suction is almost completely eliminated. Nevertheless, 
since such back suction means a completely ruined determina- 
tion, it seems best to provide one further preventive against it. 
This additional protection is obtained by increasing the capacity 
of the delivesy tube. Too much space is not wanted, either in the 
boiling tube or in the delivery tube, because it is so much easier to 
drive every trace of ammonia into the receiver if the total space 
of the system issmall. Instead of making the delivery tube from a 
straight, slender, glass tube we now make it from a 5 ce. pipette. 
The added capacity thus secured is ample. 

4. Hydrolysis of Urea by Urease—According to Sumner, the 
jack bean meal now available in the market is not so rich in 
urease as was the case some years ago. For practical urea deter- 
minations that fact is of no consequence, for jack bean extracts are 
still extraordinarily efficient. Indeed, one of the points to be 
careful about is to use comparatively weak extracts. For 5 ec. of 
blood filtrate we use 1 ce. of 2.5 per cent extract. This extract is 
prepared as follows: 

Transfer 0.5 gm. of jack bean meal to a clean 50 ce. flask ; add 20 ee. 
of 30 volume per cent of aleohol. Shake for 10 minutes and filter 
or centrifuge. This extract should always be prepared on the day 
it is to be used, because on standing even in an ice box it will 
develop ammonia and will yield too high results. Even freshly 
prepared extracts contribute some ammonia so that the found 
urea nitrogen is about 1 mg. per cent too high. It is because of 
this extraneous ammonia contributed by the jack bean that one 
should not use more extract or a stronger extract than is really 


necessary. 
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For the past several years blood urea determinations made in 
this department have almost always been made by the help of 
urease paper, and urease paper shows less tendency to give too 
high values. Unless the urea to be determined is extremely small, 
as in micro determinations, no correction is called for. 

The preparation of really dependable urease paper from the jack 
bean meal now in the market, as Dr. Sumner informed us, is 
rather more difficult than formerly. The process described below 
does give a urease paper which is perfectly dependable, if used in 
the right way. 

Urease Paper.—Transfer to a clean 200 ce. flask 30 gm. of jack 
bean meal and 100 ec. of dilute alcohol (30 ce. of 95 per cent alcohol 
diluted to 100 ce.). Add also 1 ec. of the buffer mixture described 
below. Stopper tightly and shake vigorously for at least 5 min- 
utes and then shake less hard for about 10 minutes. Filter or 
centrifuge in 15 ec. tubes, the mouths of which have been covered 
with tin-foil. The centrifuge process is the more satisfactory, if 
one has a large centrifuge, so that four, six, or eight tubes can be 
used. The centrifuging should be continued for half an hour, the 
filtration for less than 2 hours. It does not pay to try to secure the 
maximum amount of extract; from 30 gm. of jack bean one will, 
in any case, get enough urease paper for at least 300 determina- 
tions. As soon as the extract is available transfer it to a porcelain 
dish and at once take it up on strips of rather heavy filter paper, 
Schleicher and Schiill, No. 597, and hang these up to dry over two 
threads about 15 em. apart. While drying, the papers should 
not be exposed to air currents, for blasts of air seem to destroy 
the enzyme so long as water is present. As soon as the paper strips 
are thoroughly dry cut them up into pieces about 1 em. by 2.5 em. 
and preserve in wide mouth bottles. 

These urease papers will retain their activity for many months 
and even for years. For the past year or more we have come to 
believe that the urease papers did not remain active, but in the 
course of the present investigation it was discovered that the 
change which comes with age is a change of solubility rather than 
loss of activity. The urease becomes fixed in the paper and it is 
only by shaking the solution several times during the digestion 
that one secures adequate contact and quantitative hydrolysis of 
the urea. 
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5. Buffer Mixture-—Mixtures of disodium phosphate and mono- 
sodium phosphate are still used as buffers for the hydrolysis of 
urea by urease but they are not the best. An acidified sodium 
acetate solution is more effective and is more easily prepared. 
Dissolve 15 gm. of crystallized sodium acetate in a 100 ec. volume- 
tric flask by the help of 50 to 75 ce. of water. Add 1 ce. of glacial 
acetic acid (about 99 per cent), dilute to volume, and mix. 

6. Borax Solution and Nessler’s Reagent.—These two reagents 
are still used as described in the original paper and call for no new 
discussion. The borax is made up as a 4 per cent solution but on 
cold days some borax may separate so that the reagent can briefly 
be referred to as saturated borax solution. 

*. Gum Ghatti Solution —Ever since the excellent properties 
of gum ghatti as a protective colloid were discovered we have used 
it in all doubtful cases of Nesslerization to secure crystal clear 
solutions. Gum ghatti is not only more effective than gum arabic, 
but unlike the latter it is practically free from reducing materials 
and is perfectly free from ammonia. By producing a perfectly 
uniform dispersion the gum increases the range of true propor- 
tionality, an important point in routine analyses. The use of 
this gum in connection with the determination of urea of unknown 
blood samples, where one does not know how much urea nitrogen 
to expect, is therefore very much to be recommended. The 
required solution is prepared as follows: Fill a 500 ee. cylinder 
with water and suspend at the top just below the surface in a wire 
basket (galvanized iron) 10 gm. of gum ghatti. save it over- 
night, but not for 24 hours, and then remove the basket with 
undissolved material. A little dirt may get into the solution when 
the wire basket is disturbed but this soon settles and the clear 
solution may be used without any further purification. 

8. Urea Determination.—Transfer 5 ce. of tungstic acid blood 
filtrate to a Pyrex or Jena test-tube having a capacity of about 
30 ce. Add 2 drops of the acetate buffer solution and add either 
1 ce. of freshly prepared 2.5 per cent jack bean extract or a piece 
of urease paper. Insert a cork, and then either immerse the tube 
in a 700 ec. beaker filled with water having an initial temperature 
of about 45° or let the tube stand at room temperature. The 
time allowed for the digestion should be 10 minutes in the warm 
water or 25 minutes at room temperature. A longer digestion 
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period does no harm. If the urease paper is used it is absolutely 
essential that the test-tube be shaken during the digestion period. 

Cool the tube (if warm), remove the cork, and add (a) an anti- 
bumping tube, (6) 2 drops of the antifoaming oil mixture, and 
finally 2 cc. of saturated borax solution. Connect at once with the 
delivery tube and a graduated test-tube receiver. The latter 
contains 1 ec. of 0.1 N acid and 1 ce. of water. Fasten the boiling 
tube in a clamp and start the distillation by the help of a small 
responsive micro burner whose flame can be easily and perfectly 
regulated. As soon as the contents are nearly boiling, cut the 
flame down sharply so that the 1st minute of actual boiling is very 
gentle. Then boil briskly for about 3 minutes and finally boil 
another minute with the delivery tube not touching the liquid in 
the receiver. The total boiling period from the first beginning of 
boiling should be only 43 to 5 minutes. 

Transfer 0.1 mg. of ammonium sulfate nitrogen to another 
test-tube like the receiver, both graduated at 25 ec., add 1 ce. of 
gum ghatti solution to each, dilute both to a volume of about 20 
ec., and add 2.5 ee. of Nessler’s reagent. Mix and make the color 
comparison. 

The standard corresponds to 20 mg. per cent of urea nitrogen, 
and with this one standard one will be able to get dependable val- 
ues for urea nitrogen lying anywhere between 8 and 40 mg. per cent. 
In the case of unusual (nephritic) bloods containing more than 
40 mg. per cent of urea nitrogen it is best to repeat the deter- 
mination with less filtrate plus water. 

In our hands, this method gives urea nitrogen values no less 
consistent and dependable than the total non-protein nitrogen 
values. 

Because of the presence of much undetermined nitrogen in 
filtrates from laked blood, it has been impossible to estimate the 
degree of accuracy attained in the urea determinations. The 
situation is different when extracts from unlaked blood are used for 
here one can account for practically the whole of the nitrogen in 
terms of known products. Analytical data illustrating this point 
will be given in a later paper. . 
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PROTEIN NITROGEN, UREA, URIC ACID, AND SUGAR 
IN UNLAKED BLOOD. 


By OTTO FOLIN anp ANDREA SVEDBERG. 
(From the Biochemical Laboratory of Harvard Medical School, Boston.) 


(Received for publication, May 13, 1930.) 


After we had become convinced of the substantial merits of 
unlaked blood as a basis for blogd analysis (1), it became neces- 
sary to supply analytical data giving the normal composition of 
such blood. This program involved analyses of a large number of 
bloods and since these standard analyses could incidentally serve 
as controls, it seemed economical as well as suitable to develop 
simultaneously certain micro methods for the analysis of unlaked 
blood. There is a perfectly legitimate place for micro methods in 
so far as they can be made reasonably accurate. Such methods 
are not only indispensable for studies on small animals, but they 
should also prove important to life insurance examiners, and even 
in regular hospital laboratories they are often useful, because of 
the limited amount of blood that is sometimes available. 

Before describing any of the methods given in this paper it 
seems best to emphasize one guiding principle which we follow in 
working with unlaked blood whether by macro or micro methods. 
Our protein-free extracts are always separated from the mixture of 
protein precipitate and corpuscle sediment before that mixture 
has had time to undergo much change in color. The change in 
color from bright red to dark brown must be accompanied by dis- 
integration of the red corpuscles and one cannot then be sure that 
some of the corpuscle material has not found its way into the 
supernatant extract. Some darkening during or after the centri- 
fuging is permissible, but it is always more satisfactory to separate 
the extract from the sediment before the blood cells have under- 
gone much visible change in color. 
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1. Non-Protein Nitrogen (and Urea). 


The method described here is based on the use of 0.2 cc. of blood. 
It is doubtless possible with slight modifications to apply the 
method to 0.1 ce. of blood, but it is not sound practice to use only 
0.1 ec. if the larger amount can be obtained; hence it seems better 
to base the description on 0.2 ec. Those who wish to use the 
smaller amount will need to be doubly careful about the purity 
of the chemicals. 

The following reagents are needed for the non-protein nitrogen 
determination. 

(a) Sulfate-Tungstate Solution —Transfer to a 500 ce. volume- 
tric flask, 10 gm. of c.p. anhydrous sodium sulfate and 15 ce. of 
10 per cent sodium tungstate solution. Half fill the flask with 
distilled water and shake until the sulfate has dissolved. Dilute 
to volume and mix. , 

(b) Sulfuric Acid.—Dilute 12 ee. of { N sulfuric acid to 100 ce. 
and mix. 

(c) Mixture of Sulfuric Acid, Phosphoric Acid, and Copper 
Sulfate.—Transfer first about 50 ce. of water to a 250 ec. volume- 
tric flask, then introduce in the order named, 15 ec. of 85 per cent 
phosphoric acid, 10 ec. of concentrated sulfuric acid, and 5 ce. of 
5 per cent copper sulfate solution. Cool the mixture and dilute to 
volume. This acid mixture should be kept in a glass-stoppered 
flask so as to protect it from contamination. The sulfuric acid 
is the most likely to contain some nitrogen; we use the Baker and 
Adamson brand. 

(d) Standard Ammonium Sulfate Solution—From the regular 
standard ammonium sulfate solution used for the ordinary non- 
protein nitrogen method, dilute 1 mg. of ammonia nitrogen to a 
volume of 100 ce. 

(e) Regular Nessler Reagent (2). 

Determination.—Transfer 4 ec. of the sulfate-tungstate solution 
to a clean, dry 15 ce. centrifuge tube. With a micro blood pipette, 
graduated in 0.1 ec. and 0.2 ec., introduce 0.2 ec. of blood, not 
omitting the rinsing with the solution in the tube. Stir with the 
pipette and let stand for 15 minutes (longer standing does no harm). 
At the end of about 15 minutes, add 1 ce. of the dilute sulfuric acid 
solution. Stir carefully, but rather thoroughly, and centrifuge at a 
fairly good speed for 5 minutes. Decant the colorless clear super- 
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natant solution and transfer 4 cc. of it to a Pyrex test-tube, 
graduated (all around) at 25 cc. Add 1 cc. of the sulfuric acid- 
phosphoric acid mixture, also an antibumping tube, of Pyrex glass. 
Boil off the water and finish the digestion as in the regular Folin- 
Wu digestion for non-protein nitrogen. Let cool for about 40 
seconds and add 3 to 4 drops of water. Then add about 5 cc. more 
of water and again apply the flame and boil the mixture for about 
1 minute to clean out the antibumping tube. Cool the mixture 
and dilute to a volume of 18 to 20 cc. Transfer to another 
graduated test-tube 4 ec. of the standard ammonium sulfate 
solution and 1 ee. of the strong mixture of sulfuric acid and phos- 
phoric acid. Dilute to about 18 ce. Finally, Nesslerize the solu- 
. tions at about the same time with 4 ec. of the Nessler reagent. 
Mix and make the color comparison. 

Calculation.—The standard, 0.04 mg. of N, corresponds to 25 
mg. per cent of non-protein nitrogen, since the actual analysis is 
made on the extract corresponding to 0.16 ec. of blood 
0.04 X 100 _ 

0.16 # 
nitrogen in mg. per cent when the standard is set at 20 mm. and 
x is the reading of the unknown. This calculation is not strictly 
accurate, because no allowance has been made for the volume 
of the added blood. 

If the Nesslerized unknown is seen by inspection to be much 
stronger than the standard, Nesslerize immediately another 
standard containing 0.08 mg. of nitrogen plus 1 ce. of the strong 
acid mixture, and then wait 15 minutes before making the color 
comparison. 

One step in the process described above calls for some discus- 
sion. It is practically impossible to boil off the water for the 
Kjeldahl digestion unless really effective means are used to pre- 
vent the occurrence of explosive bumping. The antibumping 
tube (see the preceding paper (3), pp. 77, 78) will prevent the ex- 
plosions, but it is also important properly to regulate the flame 
from the micro burner, particularly when the mixture is just be- 
ginning to boil. Some adequate arrangement for securing perfect 
control over the gas flame is therefore important. The filtrates 
from unlaked blood normally contain less organic matter to be 





- 20,. “- , 
25. — times 25 gives, therefore, the non-protein 
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destroyed than do filtrates from laked blood. The digestion 
takes, therefore, very little time after the water has been driven 
off. Unless much sugar is present the mixture becomes colorless 
almost as soon as the white fumes begin to appear in the tube 
and 15 seconds later the flame may be removed. The anti- 
bumping tubes used in this determination should be longer than 
the ones used in the urea determination because they must be 
removed before one dilutes to volume. 

From the comparative determination of the non-protein nitrogen 
of normal blood given in Table I it will be seen that the figures 


TABLE I, 
Non-Protein Nitrogen of Unlaked Blood as Determined by Micro and 
Macro Methods. 





| Non-protein N, mg. per cent. 





Sample No. 





Micro method. | Macro method. 
1 24 21 
2 22 21 
3 23 | 21 
4 22 21 
5 20 19 
6 23 21 
7 26 26 
8 23 21 
9 20 22 
10 18 17 
ll 74 | 71 
12 227 215 





obtained by the micro method tend to be just a little higher than 
the control figures obtained by the macro method. This slight 
discrepancy is probably due to the combined effects of two differ- 
ent factors: (1) Any trace of nitrogenous products in the reagents, 
sulfuric acid, phosphoric acid, and sodium sulfate, introduces a 
larger error in the micro method. (2) The protein precipitation 
may be relatively a little less perfect at the higher degree of dilu- 
tion present in the micro method. The figures in Table I represent 
averages of two determinations and are given in terms of the 
nearest mg. per cent. 
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Urea. 


For the micro determination of blood urea one precipitates the 
corpuscles and the plasma proteins exactly as described above for 
non-protein nitrogen determinations. The urea is then deter- 
mined, by the help of urease paper, on 4 cc. of the extract repre- 
senting 0.16 cc. of blood, according to the directions given in the 
preceding paper (3). 

It is best to use only urease paper, rather than freshly prepared 
jack bean extracts, for the hydrolysis, in order that the extra am- 
monia (blank) obtained from the urease may be kept as low and as 
uniform as possible. The blank in this case will be equivalent 
to about 1.5 mg. per cent of urea nitrogen. 


2. Uric Acid. 


As late as 1907, Brugsch and Schittenhelm, and other workers 
interested in gout, had to use from 150 to 300 ce. of blood in order 
to secure any quantitative values at all for the uric acid in blood. 
On the basis of 75 cc. of blood, they could make a quantitative 
test to which they ascribed considerable significance. In 1913, 
Folin and Denis obtained fairly consistent quantitative figures 
for the uric acid by applying the colorimetric method to filtrates 
representing from 15 to 25 ce. of blood. We now find that the 
uric acid in blood lends itself rather better than any other waste 
product to micro chemical determinations. It can be determined 
with a quite satisfactory degree of precision in 0.2 cc. of unlaked 
blood. 

For this determination 0.2 cc. of blood are treated exactly 
as for the non-protein nitrogen determination described in the pre- 
ceding section, up to the point where 4 cc. of the extract have been 
transferred to a test-tube graduated at 25 ce. 

For the rest of the process one follows the directions recently 
described in this Journal (4), except that the standard uric acid 
solution used for the colorimetric comparison is more dilute— 
1 mg. of uric acid in 500 ce. of water. 

Transfer 1 cc., 2 cc., and 4 ec. of the dilute standard uric acid 
solution to test-tubes graduated at 25 cc. Dilute the first two 
solutions to a volume of 4cece. Then add to each of the standards 
and to the blood extract 5 ec. of the sodium cyanide-urea solution 
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and, after mixing, add 1 cc. of the uric acid reagent to each of the 
solutions. Shake and let stand for 4 minutes. Heat the un- 
known and 1 or 2 of the standards for 2 minutes, cool, dilute to 
volume, mix, and make the color comparison. 

Calculation.—The standards are equivalent to 1.25, 2.50, and 
5 mg. per cent, respectively, of uric acid. If the standard used 


for the color comparison is set at 20 mm., then = times 1.25, 2.50, 


or 5 gives the uric acid in mg. per 100 ec. of blood. x is the colori- 
metric reading of the blood extract. 


TABLE II, 
Comparative Uric Acid Determinations on Unlaked Blood by Micro and 
Macro Methods. 





Uric acid, mg. per cent. 








Sample No. 
Micro method. Macro method. 
1 | 2.8 2.9 
2 2.8 3.0 
3 2.9 3.0 
4 3.3 | 3.5 
5 | 3.3 | 3.5 
6 3.2 | 3.3 
7 | 2.4 2.5 
8 | 2.2 2.4 
9 | 3.1 3.1 
10 3.0 | 3.0 
il 5.3 5.1 
12 5.5 5.2 
13 7.0 6.9 
14 12.0 12.1 





It may be remarked that the conditions chosen were selected 
partly to make the calculation simple. In this connection it 
should be noted that the determination is actually made on the 
filtrate corresponding to 0.16. cc. of blood. 

Very little experience is required to obtain perfectly dependable 
values by the micro method. But it must not be forgotten that 
one is dealing with very minute amounts of uric acid. It is there- 
fore quite essential that the uric acid reagent be completely free 
from phenol reagent and that the cyanide solution shall be sub- 
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stantially perfect. These two reagents in blank experiments 
must yield practically no color at all. 

From the comparative analyses given in Table II it may be 
seen that the micro method gives figures which agree with those 
obtained by the standard macro method. The first ten blood 
samples represented are from normal persons (lst year medical 
students), but with reference to this method it may be said that 
the higher uric acid contents of blood are no less easily determined 
with accuracy than the lower normal values. 


TABLE III. 
Showing That the Colorimetric Ferricyanide Method and the Folin-Wu Copper 
Method Give the Same Values for Blood Sugar of Macro 
Blood Filtrates from Unlaked Blood. 





Blood sugar, mg. per cent. 
| 

















Sample No. 
Folin-Wu copper method. Ferricyanide method. 
1 42 45 
2 82 78 
3 87 85 
4 116 120 
5 155 156 
6 204 200 
7 236 236 
8 250 250 
9 351 341 
3. Sugar. 


In three comparatively recent papers from this laboratory (5) 
is described a very practical micro method for the determination 
of sugar in blood. The principle of this method, reduction of 
ferricyanide and measuring the reduction by the Prussian blue 
obtained, is particularly suitable for use in a micro method where 
one is often dealing with very minute amounts of sugar. The 
method described here represents essentially only a transforma- 
tion of the colorimetric ferricyanide process described by Folin 
and Malmros into a corresponding method for use with unlaked 
blood, but in the course of this transformation it became necessary 
to introduce certain modifications other than merely to prevent 
the laking of the blood. 
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All who have worked with alkaline ferricyanide recognize that this 
reagent is reduced by a greater variety of substances than are 
alkaline copper solutions. It is for this reason that one cannot 
use the ferricyanide for the determination of sugar in normal 
urine. It is for this reason also that ferricyanide methods will 
tend to give too high blood sugar values with blood filtrates which 
represent imperfect removal of the protein materials. This diffi- 
culty was encountered when we endeavored to secure blood 
sugar values by the micro method which should correspond to the 
very low figures which the revised Folin-Wu method gives on 
unlaked blood extracts. The ferricyanide method and the cop- 
per method give substantially identical results when the two 
methods are applied to the regular macro extracts prepared from 
unlaked blood. In Table III are given figures illustrating this 
point. 

Since the copper method and the ferricyanide method give sub- 
stantially the same figures when the methods are applied to the 
macro extracts from unlaked blood, it becomes fairly obvious 
that the higher results sometimes obtained when the ferricyanide 
method was applied to the extracts from 0.1 ec. of blood must be 
due to a less complete removal of the protein materials in the 
micro method. The less perfect removal of the blood proteins 
in the micro method could be due to the fact that in this method 
one is working with a tenfold greater dilution of the blood than in 
the macro method. This interpretation proved correct and 
virtually solved our problem as shown by the figures of Table IV. 

Two different forms of the new micro method are described 
below. 

Micro Method 1.—In this process the protein precipitation is 
made exactly as for non-protein nitrogen or uric acid determina- 
tions except that one uses 0.1 ec. of blood instead of 0.2 cc. One 
advantage of this method is, of course, that one uses the same 
precipitating reagents as for the other determinations, and the 
other advantage is that after having once added the blood to the 
sulfate-tungstate solution one can wait for an hour or more before 
completing the precipitation by the addition of acid. The great- 
est practical advantage gained by this method is the fact that one 
is able, if necessary, to repeat the determination without taking 
another sample of blood. 
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Transfer to a clean dry centrifuge tube 4 cc. of the solution con- 
taining 15 cc. of sodium tungstate and 10 gm. of sodium sulfate in 
500 cc. Introduce by the help of a micro blood pipette 0.1 cc. 
of blood, stir, and let stand for not less than 15 minutes. Then add 
1 ce. of the acid sulfate solution (2 gm. of Na,SO, and 12 ce. of 
2 w sulfuric acid in 100 ce.). Stir and centrifuge for about 5 
minutes. 

Transfer 2 cc. of the water-clear extract and 2 cc. of water to a 
test-tube graduated at 25 cc., and to another similar test-tube 


TABLE IV. 
Showing That with the Colorimetric Ferricyanide Method and 0.1 Cc. of Blood 
One Obtains the Same Blood Sugar Values as the Folin-Wu 
Method Gives on Macro Filtrates. 

















Blood sugar, mg. per cent. 
Sample No. — 
Micro method. Folin-Wu copper method. 
1 31 24 
2 71 69 
“ 3 85 81 
+ 84 85 
5 95 94 
6 110 111 
7 110 H 115 
8 121 | 123 
9 134 135 
10 163 163 
ll 173 180 
12 | 231 236 
13 249 250 
14 267 267 
15 368 368 








add 4 ec. of the standard glucose solution described below. Add 
to each tube 1 ce. of 0.4 per cent potassium ferricyanide solution 
and 1 ce. of a solution containing 1.6 per cent sodium carbonate 
(Naz:COs;) and 0.3 per cent NaCN. Heat for 8 minutes, cool, and 
add 5 ce. of ferric phosphate-gum ghatti solution. Mix well and 
after 2 or 3 minutes dilute to volume, mix, and make the color 


comparison. - times 100 gives the sugar value in mg. per cent 


when the standard solution is set at 20mm. This value is theoreti- 
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cally 2 per cent below the true value as is explained below (unless 
the standard sugar solution is made to contain 9.8 mg. per 
liter). Up to 300 or even 350 mg. per cent of sugar can be deter- 
mined by the method as described and by the help of a single 
standard, but where the sugar is definitely above 300 mg. per cent, 
the determination should be repeated with 1 cc. of the filtrate plus 
3 ec. of water. 

The sugar standard for use with this method should contain per 
liter (a) 10 gm. of anhydrous sodium sulfate, (b) 250 mg. of benzoic 
acid, and (c) 10 mg. of glucose, or preferably 9.8 mg. of glucose. 

The other required reagents are: (a) 0.4 per cent potassium 
ferricyanide solution; (6) a solution containing 1.6 per cent an- 
hydrous sodium carbonate and 0.3 per cent sodium cyanide; (c) a 
solution containing about 20 gm. of gum ghatti, 5 gm. of anhy- 
drous ferric sulfate, and 75 cc. of 85 per cent phosphoric acid per 
liter. The preparation of each of these reagents is described 
in the three papers referred to above 

Micro Method 2.—In connection with sugar determinations in 
unlaked blood it is indispensable to meet the possible objection 
that the corpuscie sugar has not been given adequate time for 
diffusion and the establishment of equilibrium between the cells and 
the surrounding solution. This condition is provided for both in 
the regular macro method for preparing unlaked blood extracts and 
also in micro Method 1, by not adding the acid until after an ade- 
quate waiting period. Because of this theoretically important 
point it seemed at first impractical to use only one solution for the 
precipitation of the protein as was done in the original micro 
method. It has been found, however, that by increasing the 
protecting salt concentration it is possible to use one solution 
with which the blood may be left for several hours without in- 
curring any visible destruction of the corpuscles. In this method 
we have still further cut down the dilution of the blood. 

The two special solutions needed for this determination are: 
(a) a solution containing 20 gm. of neutral anhydrous sodium 
sulfate, 10 cc. of 10 per cent sodium tungstate, and 10 ec. of } N 
sulfuric acid in 250 ce.; (b) standard glucose solution containing 
per liter 250 mg. of benzoic acid, 20 gm. of neutral anhydrous 
sodium sulfate, and 10 mg. of glucose, or preferably 9.5 mg. of 


glucose. 
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Determination.—With a 2 ec. Ostwald pipette introduce 2 ce. 
of the acid-sulfate-tungstate solution into a clean dry centrifuge 
tube, and with a micro blood pipette introduce 0.1 ec. of blood. 
After rinsing the pipette with the solution and stirring carefully 
stopper the tube with a clean cork and let stand from 15 minutes to 
4 hours. Then centrifuge for 5 minutes, without removing the 
cork. With an accurate 1 cc. Ostwald pipette transfer 1 cc. of the 
extract to a test-tube graduated at 25cec. Add also 4 ce. of water. 
Transfer to another similar test-tube 5 ec. of the standard glucose 
solution. Then add the other reagents and finish the determina- 
tion exactly as described under Method 1. 

A few explanatory remarks may be added. 

1. It will be noted that in Method 2, 5 cc. of the sugar standard 
are used, and only 4 ec. in Method 1. This is done in order to 


simplify the calculation so that in each case ~ times 100 gives 


the sugar in mg. per cent, except for the correction needed, because 
the final volumes of the diluted blood are 5.1 and 2.1 ee. respec- 
tively. This correction is 2 per cent in Method 1, and 5 per cent 
in Method 2. It is in our opinion safer and better to introduce 
these corrections than to measure out liquids involving fractions of 
acc. in the actual work; one cannot measure 1.9 cc. with the same 
ease and certainty that one can measure 2 cc. with an Ostwald 
pipette. An even more practical method for securing simplicity 
both in the experimental work and in the calculation would be to 
cut down the sugar contents of the standard sugar solutions by 
2 per cent and 5 per cent respectively, so that one would have 9.8 
mg. of glucose per liter for the standard of Method 1, and 9.5 
mg. per liter for the glucose standard of Method 2. 

2. It seems best to mention specifically that in these revised 
micro determinations we recommend the use of only 1 ce. of the 
0.4 per cent potassium ferricyanide solution instead of 2ec. The 
reason for this change is that the autoreduction in blank experi- 
ments with ferricyanide is materially greater in the presence of 
much sodium sulfate, and under these conditions is much greater 
with 2 ce. than with 1 cc. of the ferricyanide. 

3. The sodium picrate light filter described by Folin and Malm- 
ros should always be used for the colorimetric comparisons and 
after a time, usually several months, the used picrate paper should 
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be replaced by a new one. The so called Daylite glass screens are 
not needed or even desirable in this color comparison, because 
they cut out too much light. 


BIBLIOGRAPHY. 


. Folin, O., J. Biol. Chem., 86, 173 (1930). 

. Folin, O., and Wu, H., J. Biol. Chem., 38, 81 (1929). 

. Folin, O., and Svedberg, A., J. Biol. Chem., 88, 77 (1930). 

. Folin, O., J. Biol. Chem., 86, 179 (1930). 

. Folin, O., J. Biol. Chem., 77, 421 (1928); 81, 231 (1929). Folin, O., and 
Malmros, H., J. Biol. Chem., 83, 115 (1929). 


or WN e 











METABOLISM OF THE LUNG-FISH, PROTOPTERUS 
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The estivating and air-breathing habits of the Dipnoi, or lung- 
fishes, have been known to biologists for many years, but no de- 
tailed physiological or biochemical observations on them have 
ever been recorded. Through the favor of the John Simon 
yuggenheim Memorial Foundation, it was possible for Dr. James 
P. Baker and the author to collect a number of specimens of 
Protopterus zxthiopicus, Heckel from Lake Victoria, Africa, and 
to bring them alive to New York. A number of these fish have 
been induced to enter into estivation in the laboratory. The work 
to be reported here consists of observations on the metabolism of 
these and active fish, made under controlled conditions. 

The biology of the Dipnoi and the collection of the specimens 
which we have examined have been described elsewhere (Smith, 
1930, b). The Dipnoi are an archaic group of fishes, characterized 
by the possession of a lung opening off the ventral side of the 
esophagus. In Protopterus xthiopicus the gills are reduced and 
inadequate for respiration, and the animal is entirely dependent 
upon aerial respiration. Though unable to move about to any 
great extent on land, these fish can live almost indefinitely out of 
water, and when stranded in desiccating mud-flats they bury them- 
selves beneath the surface, leaving a burrow through which they 
obtain air. The body becomes invested in a cocoon formed of 
dried slime and, rigidly imprisoned in the hard earth, the fish pass 
into a state of estivation which persists until water again covers 
the land. 

A number of lung-fish were induced to estivate artificially by 
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placing them in soft mud which was subsequently allowed to dry 
out at room temperature and humidity. When thoroughly dry 
the mud was very hard, and in order to remove the fish the 
mud had to be chipped away with sharp steel instruments. By 
careful excavation the fish could be removed in most instances 
without injury and with little sensory stimulation. The estivat- 
ing fish is found curled up near the bottom of the mud block, firmly 
embedded in the mud except where the head protrudes into the 
more or less perpendicular burrow. The entire fish is closely en- 
veloped at all points by a dry, brownish, parchment-like membrane 
which is contiguous to the skin over all exposed areas. At the 
mouth the membrane extends in the form of a short tube between 
the lips. It is through this oral aperture that the fish obtains air. 

The cocoon is tough, insoluble in water, and non-hygroscopic; 
it constitutes an effective barrier against infection and against 
loss of water from the body surface. During the removal of the 
hard mud, parts of the cocoon are necessarily torn away from the 
fish. The skin beneath is invariably moist (wet is perhaps more 
accurate) and somewhat slimy, but impressively clean and healthy. 
The skin of a frog freshly removed from water presents a close 
analogy. Within a short time the skin dries, showing that the 
insulation of the cocoon, and not any hygroscopic property of the 
skin or its secretions, is responsible for its moist condition. 

The burrow, descending from the top of the jar, is of nearly 
uniform diameter (about the diameter of the fish) down to the 
nest. The latter is entirely filled by the body of the fish, with no 
free space visible at any point. So closely is the animal encased 
by the mud that one wonders where there is room for the alternate 
expansion and contraction of the body incident to respiration. 
Except for this slight movement, which probably is effected largely 
in the median line of the curled body, the fish is as effectively im- 
mobilized as though it had been covered with concrete. This 
muscular immobilization affords one of the most interesting as- 
pects of the metabolism studies to be reported later on. 

The ureters in Protopterus open into the cloaca, which is vari- 
ably situated on the right or left side of the mid-line somewhat pos- 
terior to the origin of the anal fin. In the estivating fish the co- 
coon fits tightly against the cloaca and effectively closes it. That 
portion of the cocoon immediately opposite the cloaca is usually 
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stained, the stain sometimes penetrating the cocoon and showing 
on the adjacent mud wall. This stain is apparently produced by 
the last urine to be excreted during the early days of estivation. 
There is never any accumulation of free urine or solid excreta in 
the cloaca or the cocoon. The fish is entirely deprived of exoge- 
nous water after the mud has dried, and from this time on only 
water arising from the metabolism of foodstuffs and the degrada- 
tion of tissue can go to form urine. Throughout the period of 
estivation water must be lost in considerable quantities by way of 
the respiratory tract and, perhaps, by a low grade evaporation 
from the moist skin through the cocoon. The general conditions 
are such as to indicate that urine formation must be suspended 
early in estivation, shortly after the last free water has disap- 
peared. This condition was reached in our estivating fish about 
November 1, 1928. 

During estivation the fish is in a state of “sleep” or inhibition 
from which it is not wakened by mild sensory stimulation. In 
most of our experiments the estivating fish were removed from the 
mud and placed in the metabolism chamber to measure the gaseous 
exchange. Since the chamber contained NaOH solution to ab- 
sorb COs, the air in the chamber was always saturated with water 
vapor and this cireumstance prevented the fish from drying, even 
when large areas of the cocoon were torn off. Several fish have 
been kept in the metabolism chamber in the estivating state for 
overa month. During this time they showed no movements, nor 
any change in condition except loss of weight. In other instances 
the period of estivation has been terminated earlier for experi- 
mental purposes by placing the fish in water. The principal 
difficulty in keeping the fish in estivation after removal from mud 
is infection, which starts under the cocoon. The development of 
infection has been the only factor, apart from immersion in water, 
which in our experience wakens the fish. In awakening due to 
infection the fish shows increased reactivity to prodding, increased 
respiratory activity, and increased O, consumption. In one in- 
stance an infected fish broke apart the remnants of the cocoon and 
wriggled itself out of its curled position. The spontaneous ac- 
tivity was still far below normal, however. 

When the estivating fish is placed in water it is wakened in the 
course of a few hours by the development of asphyxia, for it is of 
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course unable to breathe under water. It ultimately breaks out of 
the cocoon and struggles to the surface to get air. 

Fish recently removed from estivation are particularly suscep- 
tible to infection, which ultimately proves fatal. The nature of 
our experiments has been such that it has been necessary to handle 
the fish every day in order to replace the water and alkali in the 
metabolism chamber, ete. Every precaution has been taken to 
guard against infection, but with the necessary experimental work 
in progress, most of the fish have died from this cause within 2 
to 3 weeks after removal from mud. 

A series of analyses of the body fluids of normal lung-fish was 
made in Africa. Since these agree in all important details, the 
data on one fish only will be given here (Table I). These data are 
noteworthy only as a basis for comparison with fish which have 
been in estivation. Analyses of the muscles of active normal fish 
are given in Table III, to which subsequent reference will be made. 


Metabolism of Active Fish. 


Particular interest attaches to the metabolism of Protopterus 
in view of the prolonged estivation which this animal normally 
undertakes. We have followed the metabolism of two active fish 
(Nos. 217 and 41) which had never been in estivation. The im- 
portant data on these fish are summarized in Table II. Through- 
out the period of observation these fish were kept without food, 
and during most of this time they were confined to the metabo- 
lism chamber in 300 to 500 cc. of water. Our experience has been 
that after a few hours in the chamber the fish becomes accustomed 
to its quarters and lies quietly on the bottom, moving only to 
breathe. The bodily effort involved in this act is slight, since at 
most the fish need only flex the body so that the head can be lifted 
momentarily to the surface of the water while the lungs are emptied 
and filled with air. 

The important conclusions to be drawn from these observations 
concern the metabolic rate, protein combustion, and the excretion 
of urea and ammonia. 

Fish 217 had been feeding for 3 months prior to observation. 
The condensed data of Table II give the O. consumption, etc., 
of this fish over a period of about 10 weeks. Beginning with the 
lst day of fasting, the O2 consumption fell to a steady level of 20 
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ec. per kilo per hour at 20°, which was maintained with fair con- 
stancy over a period of 8 weeks. Subsequently this fish was placed 
in an incubator at 30° to observe the effect of temperature. The 
O, consumption rose to a maximum on the 2nd day (41.2 ce. per 
kilo per hour), after which it declined gradually to a level only one- 
third above the previous level at 20° (7.e., about 27 ec. per kilo 
perhour). After about 3 weeks at 30°, the temperature was raised 


TABLE I. 
Composition of Body Fluids of Normal Protopterus xthiopicus, o. 











Perivis- | Pericar- 

















| Plasma. lceral fluid.| dial fluid. | Urine. 
B, mua per liter............ Dceinciede | 99.0 | 91.0 | 97.0 
K ii LOTT eT Te ne me > a | oa 
SE ke eae | 21 |} 21 | 1.9 
a Te Nf csinneudlobadaniean | Trace. | Trace. | Trace. 
ee ccc sencmencaameneal 44.1 46.0 | 34.0 Trace. 
ee OS Ao cswacansmeaaeeun Trace. None. 
ee OF Co sce cecannarnenecus 1.0 1.6 
| ig Oe ny | 35.0t | 36.0t 
Total N, mg. per cent......| 900.0 91.9* | 68.9* 36.6 

“ nenprtemaN “* “ “ ..... | 14.3 

Urea N “ ; 1.7 | 6.8 
Uric acid N ; | Trace 0.3 
NH;-N me. mM <1.0 | <1.0 15.1 
Creatine N . = 8 ..| None. | 0.2 
aaa 828 He ses 13 + 23 2.3 
A, NES aa die Sih osama an metne sie eats 0.396 0.410; 0.351 
MRO iiulie Sd bina bigest heshire wae idea ist 0.480, 0.415) 0.418 





* High nitrogen may have been due to cells which could not be centri- 
fuged out. 

{ Slight hemolysis. 

t By hot titration with bromocresol purple. 


to 40°, but a failure of the thermoregulator led to an overheating 
of the incubator and the fish was killed. 

Fish 41 when first observed had been fasted about 22 weeks. 
This fish was kept under fairly continuous observation of one kind 
or another for a period of nearly 5 months. During this time 
the O. consumption rose from 18.1 ec. to 34.1 ce. per kilo per 
hour. This increase in metabolism was clearly associated with 
an increase in protein combustion. Such an increase in metabo- 
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lism has long been recognized as a terminal feature of starvation in 
mammals. (This fish died, probably from asphyxia, during ob- 
servations on the effects of low O2 tensions on the O2 consumption.) 
During most of the period when Fish 217 and 41 were studied 
the total nitrogen, urea, and NH; were routinely determined and 
afford a basis for estimating the protein fraction in the fuel used. 


TABLE II. 
Metabolic Observations on Active Protopterus us. 




































































ig! | |g a 
2 - . | 9 fog 
bi | [tj las 
\é 2 ¢ | £2 | x | 2 ise 
& co) 6 1) Z & IZ 
cc. per mg. per| mg. per per | 
°C.| kg. per kg. per | kg. per ae 
hr. | day day _ 

Fish 217; had been feeding for 3 | Bag | } | 
mos.; weight 220 gm. | | 
Fasting. Ist day................ | 26| 53.3 | 37.4] 27.6/ 17.4) 1 

Qnd “ ... -...++.| 20) 83.8 46.8| 38.6 | 33.0) 1 
4th-12th dave... Leicarwnerate oars | 20) 18.6 35.5) 28.6 | 47.3) 8 
54th-58th “ .......... 20) 20.4 0.801} 42.2) 20.4 | 51.2) 4 
Moved to 30° to observe effect 
of temperature. 
IE Cob caves een teak aie | 30) 36.4 |0.904; 90.1) 47.1 | 61.5) 1 
EEE res | 30; 41.2 |0.836| 94.7) 26.4 | 56.9) 1 
le ON ER poet ener 30) 30.6 0.363 84.3) 29.8 | 68.0) 1 
ing Sener eee re Caen oe 30; 30.0 |0.845) 63 3} 28.8 | 52.2) 1 
Ee acc hh une oh ues oust 30] 25.7 0.965) 56.0) 24.2 | 53.8) 1 
I i in at asad 30} 28.9 0.943, 65 8 30.2 | 56.5) 1 
Fish 41; had been fasted but active | | 
for 5 mos.; weight 41 gm. | | 
Ponting. Weed WE... ...50050s00 20, 18.1 | 47.6) 33.6 | 65.0) 5 
27th-30th wk.......... | 20 | 72.0 al 48.0 20 
Slet-Blad “ .......25. 21) 30.5 |0.843) 110. 0) 70.7 | 89.3) 4 
S4th-35th “ .......... 22 34.1 (0. " 118.0) 92.0 | 85.5) 9 
42nd wk...............| 20} | [102.0) 10 





It has been shown in the fresh water carp and goldfish that urea 
and ammonia are excreted by the gills (Smith, 1929). Since the 
urine obtained from freshly caught and well fed specimens of 
Protopterus contains only traces of these substances (Table I) 
and otherwise resembles in its composition the urine of fresh water 
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fishes generally, we presume that urea and ammonia are excreted 
principally by the gills in this fish. 

The continuous collection of urine by retention catheter is im- 
possible in fish under prolonged observation, so we have followed 
the nitrogen metabolism by analyzing the water in which the fish 
was kept. The fish secretes a small amount of slime, presumably 
a mucoprotein, which adds to the total N. This moiety does not 
appear to be significant so far as protein combustion is concerned, 
for the urea + NH;-N comprises nearly all the total N produced by 
the degradation of protein in estivating fish, and consequently we 
have chosen these fractions as a quantitative index of protein 
metabolism. 

With reference again to Fish 217, the combustion of protein (cal- 
culated on the basis of the urea + NH;-N and estimating that 1 gm. 
of N = 5.94 liters of O2) accounts for about 50 per cent of the Oy. 
consumption. It is significant that this protein fraction was 
reached on the 4th day of fasting, and that it was maintained for 
several months. On removal to 30°, the protein fraction rose on 
1 day to 68 per cent, but subsequently fell again to 52 to 56 per 
cent. 

In the case of Fish 41, the protein fraction was 65 per cent when 
the fish was first observed, a fact in part attributable to the longer 
period of fasting. During the next 5 months the protein fraction 
in this fish rose until at the time of its death during observation, it 
constituted 100 per cent of the total metabolism. It has already 
been remarked that coincident with this rise in protein metabo- 
lism, the total metabolism increased nearly 100 per cent, indicating 
abnormal destruction of body tissue. 

That protein normally furnishes about 50 per cent of the energy 
in fasting fish is shown by the observations of Knauthe (1897, 
1898), Lindstedt (1914), and Rubner (1924), and we have found a 
similar fraction of protein energy in fasted frogs (unpublished 
observations). It was somewhat of a surprize to us, nevertheless, 
to observe this high ratio in the lung-fish because we expected, in 
view of its estivating habits, to find an extensive utilization of fat 
with marked economy of protein. No direct information is avail- 
able on the relative combustion of fat and carbohydrate, bit in 
fish in general the carbohydrate is quickly depleted (cf. Knauthe 
and Lindstedt). The abrupt rise in protein combustion in Fish 
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217 when first fasted is indirect evidence of the rapid depletion of 
the carbohydrate stores. 

Concerning the r.Q., we have every confidence in the technical 
determination of the O2 consumption and CO, production as car- 
ried out here, and checked the methods by the combustion of alco- 
hol in the chamber. But we attach little significance to this ratio 
physiologically for the reason that we have found the most extreme 
variations in it. This is probably due to the fact that the bound 
CO, in the body fluids is about the same in cold and warm blooded 
animals, while the O. consumption per unit of time and body 
weight is much smaller in the former, and therefore metabolic dis- 
turbances producing an equal displacement of CO, produce dis- 
proportionate changes in R.Q. In any case we feel that the usual 
significance cannot be attached to the r.q. in cold blooded animals 
unless the gaseous exchange has been determined continuously over 
a period of days or weeks. Where we consider the data techni- 
eally correct and significant, we have included the R.q. in the 
protocols. 

The results obtained with Fish 41 indicate that as fasting pro- 
ceeds and the metabolic energy comes to be furnished entirely by 
protein, the r.Q. approximates 0.840. (This is confirmed by along 
series of postestivation data on Fish 12, not included in this report.) 
Hence the r.q. of 0.801 obtained on Fish 217 at 20° indicates 
that fat is furnishing nearly all the energy not being supplied by 
protein. At the higher temperature the R.Q. is unquestionably 
aberrant owing to the displacement of CO, from the body fluids. 

We had planned to make observations on the basal excretion of 
SO,, PO,, K, and creatine on normal fish which had never been in 
estivation, but the unexpected loss of all our active fish (which 
were stored at the New York Aquarium) prevented us from carry- 
ing out this program. We have, however, made a detailed study 
of one fish (No. 12) which had been fasted from 15 to 18 months, 
and which had been in estivation about 12 months. This fish 
was removed from estivation and returned to water on October 12, 
1929. The accumulated products of metabolism were largely 
excreted in 13days. For the next 4 months this fish was kept under 
observation, the excretion of various metabolites being carefully 
followed. At the end of this time it was apparently in a steady 
state and was excreting day by day such amounts of urea, NH3, 











H. W. Smith 105 


SO,, PO,, creatine, and K as were concomitantly metabolized. 
At this time, because of the long period of fasting and the depletion 
of fat, 100 per cent of the energy of metabolism was being furnished 
by the combustion of protein. Over a period of 9 days at 20°, 
for each gm. of N excreted as urea and ammonia there were ex- 
creted simultaneously 2.84 mm of SO,, 2.26 mm of Cl, 3.84 mm 
of PO,, 5.05 mm of K, and 33.6 mg. of total creatinine N. These 
ratios may be somewhat aberrant because of the relatively ema- 
ciated condition of this specimen, but they will serve temporarily 
as a basis for comparison of the metabolism of these substances in 
the estivating fish. 


Metabolism of Estivating Fish. 


We wished particularly to determine the metabolic rate of esti- 
vating fish under conditions as nearly natural as possible. We 
found that this could not be done with the fish encased in mud, 
so we removed them with as little stimulation as possible and 
placed them on cotton in the metabolism chamber. The course 
of metabolism during estivation and after estivation is terminated 
is illustrated by the data on Fish 12, 13, and 21 given in Protocols 
1 to 3. 

We find that, typically, the O2 consumption is somewhat low on 
the 1st day after removal from mud, and that it rises on the 2nd 
or 3rd day to a level that is subsequently well maintained. At 
first sight it would appear that the metabolism might be increased 
by the stimulation of removing the fish from the mud. We do 
not believe this is the case, but think that the true estivating 
metabolism is represented by the level which is reached after the 
Ist day. If the metabolism were increased by the act of removing 
the fish from mud, one would expect the O2 consumption to be 
high on the Ist day and to fall subsequently to a steady level. 
We have never observed a decrease in metabolism after the initial 
increase although some fish have been followed for 15 to 21 days. 
It is difficult to see why stimulation should lead to both a delayed 
and an essentially permanent increase. Moreover, we have not 
obtained a significant increase in O. consumption in estivating 
fish after handling or after such mild sensory stimulation as might 
be involved during removal from the mud. 

Instead we believe that the low O, consumption observed on 
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the 1st day is related to the extensive blowing off of CO, which 
occurs at this time. A characteristic feature of the postestivation 
metabolism is the high r.@. of the first few days. This is obviously 
referable to an excessive CO, elimination following removal from 
the poorly ventilated burrow. We have some evidence that, 
within certain limits, the O2 consumption is dependent on the 
partial pressure of this gas in the respired air. We believe the loss 
of CO: occurring on the 1st day causes apnea and anoxemia and 
that the latter is primarily responsible for the decreased O, con- 
sumption of the lst day or so. With this interpretation, we take 
the ultimate steady level as indicating the O2 consumption during 
estivation. 

A summary of important data on estivating fish is given in 
Table V which is discussed later in this paper. The typical level 
of Oz consumption in fish that have been estivating from 15 to 
18 months is about 8.0 ce. per kilo per hour. This is in marked 
contrast to 20 ec. per kilo per hour found for the active Fish 217 
and 41. 

One of the first questions evoked by these data is, to what fac- 
tors is this reduction of metabolism attributable? In considering 
possible causes, several factors suggest themselves, such as the 
absence of muscular activity, reduced circulatory and respiratory 
work, progressive emaciation, accumulation of metabolites, etc. 
We have found it possible to evaluate some of these by various 
observations and experiments on different fishes, and since the 
results are important for the interpretation of the metabolic pic- 
ture as a whole, these observations have been brought together in 
the following paragraphs. 

The O2 consumption of excised turtle heart muscle was found 
by Vernon (1910) to be 0.00014 ce. per gm. per beat. Snyder’s 
(1918) observation on the heat production of turtle heart muscle 
indicates an O, consumpton of about 0.0002 cc. per gm. per beat. 
Starling and Evans (1914) found in the dog heart-lung preparation 
(0.00033 cc. per gm. per beat and Rhode’s (1912) data for the cat 
yield about 0.00025 ce. per gm. per beat. We observed the heart 
rate carefully in Fish 21 by noting the displacement of the center 
of gravity of the estivating fish while it was floating in water. 
Until the fish finally sank in the water the rate remained constant 
at three times per minute. The heart in Protopterus weighs less 
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than 1 gm. per kilo of fish. Therefore, the heart of a 1 kilo fish 
would use on the basis of the above figures no more than 0.0002 
X 180 X 1.0 or 0.036 ec. of O, per hour. 

Since respiration occurs only once or twice an hour, while the 
heart beats at the rate of 180 times per hour, it is not to be ex- 
pected that respiration would use more Oz than the heart. But to 
check up on this point experimentally, we have noted the change in 
Oz consumption associated with the marked increase in respiration 
caused by CO:. These experiments were performed with Fish 
21 while in the estivating state. 

After a control or normal period of 6 days, during which the 
average Oz, consumption was 6.16 cc. per kilo per hour, the alkali 
was omitted from the metabolism chamber and the latter was 
filled with air enriched in CO.. During the control period the 
respiration of the fish had been counted by noting the oscillation of 
a drop of toluene in a horizontal tube connected with the metab- 
olism chamber. The fish was breathing at intervals longer than 
30 minutes, and each respiration consisted of a single inhalation. 
After 7 days in the CO,-rich atmosphere the respiration had in- 
creased to more than six times an hour, and each respiration was 
of a multiple type consisting of several inhalations varying from 
five to twelve innumber. Evenif it is admitted that each of these 
multiple inhalations does not involve as much muscular work as 
a single normal respiration, it is still permissible to suppose that 
the total respiratory work in the CO,-rich atmosphere was at least 
10 times as great, and probably more, than in the previous CO.- 
free period. Under these conditions of hyperpnea the O: con- 
sumption increased from 6.16 to 7.56 cc. per kilo per hour with the 
value 7.26 cc. per kilo per hour on the last day when the respira- 
tory effort was greatest. Therefore, a difference of 1.10 cc. per 
kilo per hour represents the maximum oxygen which could be 
assigned to the respiratory efforts when increased at least 10- 
fold, and it is doubtful whether all of this increase is necessarily 
attributable to this cause. By using this figure as the maximum 
value, the normal respiratory work during estivation would con- 
sume no more than one-tenth as much, or 0.11 cc. per kilo of 
fish per hour. 

The total O, referable to circulation and respiration would then 
not exceed 0.036 + 0.11 ec., or 0.14 ec. per kilo of fish per hour. 
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Since the estivating fish is perfectly quiet and probably entirely 
devoid of muscular tone, the Oz not referable to circulation and 
respiration must go to what we may call non-mechanical processes. 
If 8 ee. per kilo per hour are taken as the typical O. consumption 
of estivating fish, it is clear that about 7.9 cc., or 98 per cent, are 
referable to such non-mechanical metabolism. 

When the estivating fish is returned to water it awakens and is 
forced to swim to the surface in order to breathe. There is con- 
comitantly a slight increase in O, consumption which is presum- 
ably largely attributable to this renewed muscular activity. The 


Protocol 1, Fish 12. 

The fish was fasted from July 15, 1928. Placed in mud September 28, 
1928; weight 248.15 gm. Removed from mud, October 24, 1929. Estimated 
dry estivation 358 days; weight 207.0 gm. The fish was dormant but 
showed frequent respiration. It was placed in the metabolism chamber 
with NaOH solution. The temperature was 19-21°. 
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Protocol 1—Concluded. 
Fish placed in 1000 cc. of water for 1 hour to wash, then transferred to 
500 cc. of water in metabolism chamber; weight 204 gm. 









































| Mg. per kg. per day. | mat per kg. per day X 10°. |é 
Date. | O: R.Q. Total |Urea +} NHb- | Total | \e= 
x ‘NHN | : x. | wae | SOs PO, K \8 a 
Fee ll 
| ec. per | H ; | | | 
1929 | kg. per | | | | 
| r. | | } j 
Wash solution...... 328 | 296 | 37.0, 0.74 | 4450 18 1 26 
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pestestivation metabolism of Fish 21, on which the above CO, 
experiments were performed, was not measured, but data are 
available on three other fish. In the case of Fish 12 the O, con- 
sumption rose from the estivating level of 6.5 ec. per kilo per 
hour to 9.6 cc. after the fish was returned to water. In the case 
of Fish 13, the O. consumption increased from 12.3 ec. during 
estivation to an average of 14.9 after recovery. In Fish 17 (the 
data on which we are not reporting in full) these figures were 19.6 
and 22.4 cc., respectively. Since the metabolism of these fish in 
the postestivation period includes the muscular activity asso- 
ciated with body movements, increased respiration, circulation, 
muscular tone, etc., which characterized the normal fish (Nos. 
217 and 41) when kept under the same conditions, this increase 
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may be taken as the O2 normally used by these mechanical proc- 
esses. This increase in Fish 12, 13, and 17 averages 2.8 ce. of 
O-, per kilo per hour. 

We are led to conclude, then, that out of the 20 cc. of Oz per 
kilo per hour used by the active fish, no more than 3.0 cc. are refer- 
able to muscular activity and tone and to other increased physio- 
logical processes related to the active condition. Therefore the 
remaining 17 ce. must go to the non-mechanical or maintenance 
processes. Since the estivating O. may fall as low as 5 ce. per 
kilo per hour, it follows that a reduction of 12 ec., or 70 per cent, 
may occur in this non-mechanical metabolism. 


Protocol 2, Fish 13. 
The fish was fasted from July 15, 1928. Placed in mud September 238, 
1928; weight 228.05 gm. Removed from mud November 7, 1929. Estimated 
dry estivation 390 days; weight 173.3 gm. 
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Protocol 2—Concluded. 

December 15, accident in water bath broke metabolism chamber and let 
water in on fish, necessitating termination of estivation. No wash solution. 
Total duration of estivation, 410 days; weight 168 gm. Fish placed in 
500 ec. of water in metabolism chamber. The temperature was 20°. 
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Because of infection, the fish was retired to KMnO, bath; died December 
28. No visible fat in tail muscles or viscera. 


When we inquire as to the cause of this reduced metabolism, we 
note first that apart from the 3 ce. increase attributable to resumed 
muscular activity, the metabolism remains at this low level after 
all accumulated metabolites have been excreted from the body. 
The estivating metabolism is, moreover, apparently independent 
of the quantity of these metabolites in the body; thus, Fish 7 
contained 2.55 per cent urea and used 15 ec. of O2 per kilo per 
hour, which is almost as much as the normal fish, while Fish 15, 
with only 1.60 per cent urea, used only 5 ce. of Oz per kilo per hour 
(cf. Table V). These two lines of evidence make it improbable 
that the reduced metabolism is due to any inhibitory influence of 
the accumulated urea or other metabolites. The persistence of 
the low metabolic rate after estivation is terminated likewise 
rules out any inhibitory influence of a nervous origin, for the fish 
is at this time in a state of normal reactivity. 
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The evidence points, instead, to the emaciated condition of the 
animal as the primary cause of lowered metabolism. Though 
there is no correlation among our data between the extent of tissue 
destruction (as indicated by the accumulated urea) and metabolic 
rate, still this fact cannot be held to disprove this interpretation. 
It may be that all nitrogenous tissue is not equipotential in con- 
tributing to metabolic activity. There may be, moreover, con- 


Protocol 3, Fish 21. 
The fish was fasted from July 15, 1928. Placed in mud September 28, 
1928; weight 181.7 gm. Removed from mud November 25, 1929. Esti- 
mated dry estivation 390 days; weight 133.4gm. The temperature was 20°. 
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Protocol 3—Concluded. 
Fish infected. Awoke and broke out of cocoon; weight 121.2 gm. Re- 
moved, washed 30 min., and put in 500 cc. of water in metabolism chamber 
at 20°. 
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Because of the severity of the infection the fish was sacrificed. No 
visible fat was present. 


tributory factors, such as endocrine secretion, which are profoundly 
modified as emaciation develops, and these may be affected to 
different degrees in different individuals. 

It is convenient to note here that the degradation of protein N 
to urea (see below) indicates that protein continues to furnish a 
large fraction of the metabolic energy in the estivating animal. 
As the fat is used up, this fraction must rise to 100 per cent, as we 
have observed in two fish (Nos. 41 and 12). It does not appear 
that the protein fraction is ever much less than 50 per cent even 
in fish fasted but a short time. In relation to the gross economy 
of the animal this high protein combustion greatly reduces the 
number of calories which can be obtained from each gm. of body 
weight lost during fasting. Thus where 50 per cent of the me- 
tabolic energy is derived from protein, as in the case of Protopterus 
and possibly cold blooded animals in general, each gm. of weight 
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lost supplies only about 1.6 calories as compared with the theoreti- 
cal 9.3 calories that might be obtained from 1 gm. of fat. Inman 
and other mammals protein furnishes only 15 per cent of the 
energy, hence each gm. of weight lost supplies about 4.0 calories. 
Thus mammals are more efficient candidates for fasting than 
Protopterus by a ratio of 2.5:1. If we suppose that the maximal 
duration of a fasting period were limited to the loss of an equal 
fraction of the body weight, mammals would be good for 23 times 
as many calorie hours as the lung-fish. It seems possible that this 
difference in the relative amounts of fat and protein burned during 
fasting depends upon differences in capacity to store, transport, 
and utilize fat, and that in general a greater utilization of fat may 
be one of the evolutionary concomitants of homeothermy. 

In any case, it is clear that Protopterus meets the emergency of 
indefinite fasting principally by reducing the truly basal, or non- 
mechanical, metabolism to progressively lower levels as time goes on. . 
The fish listed in Table V have burned in 380 days an average of 
0.884 gm. of N out of an initial 4.4 gm. (182.3 gm. X 2.4 per cent) 
of protein N, or 20 per cent. Because of the lowered metabolic 
rate in the emaciated animal, we may suppose that another and 
equivalent quantity of protein N would serve for at least twice as 
long, so that a conservative estimate would put the period of pos- 
sible fasting at 3 to 4 years, and if the metabolic rate continues to 
decrease, as it may, this estimate would have to be pvt at a still 
longer and more indefinite time. 


Effect of Temperature, Thyroxine, Etc., on Estivating Fish. 


We wished to observe the effects of an increase in temperature 
on the metabolism of estivating fish for two reasons; first, to deter- 
mine whether temperature would have its customary effect of 
increasing the metabolism, and second, in the event that an in- 
crease occurred, to observe whether the state of sleep would be 
modified by it. 

Fish 13 was accordingly transferred to 30° temperature after a 
preliminary 9 day control period at 20°. The O2 consumption 
rose immediately from 7.82 to 27.2 ce. per kilo per hour. This 
increase was relatively greater than was observed under the same 
conditions in the active fish (No. 217, 20 ce. at 20° to 36 to 41 ce. 
at 30°). There can be no doubt that in estivating fish the metab- 
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olism shows the usual increase under the influence of a higher tem- 
perature, and falls again to its typical, low value when the tem- 
perature is again reduced. This fact supports the view that the 
lowered metabolism of estivation is not due to active inhibition. 

It was particularly noted that at the higher temperature, when 
the metabolic rate was 3 to 4 times that prevailing during estiva- 
tion, the animal remained perfectly quiescent. There were no 
spontaneous movements and no apparent increased reactivity. 
This fish had always been in a state of deepest inhibition, and con- 
tinued so throughout the 9 days during which it was kept at 30° 
and for 12 days thereafter. The metabolic rate of this fish at 
30° was greater by 300 to 400 per cent than the active level of 
Fish 217. It is to be concluded, therefore, that the state of sleep 
which obtains during estivation is not due to the lowered metabolic 
rate. 

Temperature as a cause of sleep is clearly ruled out for the 
reason that Fish 13 remained asleep at 30°, while all the fish 
entered into estivation at the temperature (20°) at which they 
normally live and remain active. As will be seen later, when 
returned to water the animal is awakened in a few hours, appar- 
ently by developing asphyxia, and soon becomes as active as a 
normal fish. Since the accumulated products of metabolism re- 
quire several days for their excretion, during which time the fish 
is fully active, the state of sleep cannot be attributed to the pres- 
ence of these substances in the body. The estivating fish were 
kept under observation in the saturated atmosphere of the metab- 
olism chamber for as long as 6 weeks without showing any signs of 
awakening ascribable to this circumstance, and data to be pre- 
sented at another time show that there is little, if any, desiccation 
of the tissues during estivation. Therefore we conclude that 
dehydration plays no part in the induction of the inhibited state. 

With these factors ruled out we are reduced to the assumption 
that the state of sleep is induced by the continued immobilization 
of the animal, supplemented, perhaps, by sensory stimulation is- 
suing from contact with the rigid walls of the mud nest and by the 
withdrawal of free water. We have kept active fish for 6 days in 
moist aquaria without water with no apparent inhibition, so the 
withdrawal of water appears to be only slowly effective, if this 
factor plays any part at all in this phenomenon. 
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To return to the question of the control of the metabolic rate, 
there is an obvious possibility that endocrines are normally operat- 
ing to maintain the non-mechanical metabolism and that during 
estivation their influence is removed or reduced in intensity. 
This supposition led us to observe the effects of thyroxine on esti- 
vating fish. 

The effects of thyroxine were observed in Fish 21. This fish 
has been followed in estivation for 19 days, during part of which 
time it was kept in an atmosphere of reduced O, concentration. 
This fact did not affect the metabolic rate and there is no reason 
to believe that it altered the subsequent results. After several 
days of fairly constant metabolism, 0.5 mg. of crystalline thyrox- 
ine, kindly supplied us by E. R. Squibb and Sons, was adminis- 
tered in solution by intramuscular injection. Prior to the in- 
jection the O. consumption had been about 8 cc. per kilo per hour. 
No effect was noted during the first 2 days after the injection. 
On the 3rd day the O2 consumption began to increase, and it con- 
tinued in an upward direction for 9 days, reaching a maximum of 
17.0 ec. per kilo per hour, or over twice the previous level. For 
7 days the O, consumption was at or above the level of 14.0 ce. 
per kilo per hour. The quantity of thyroxine administered is 
admittedly large, amounting to 27.6 mg. per kilo, but this sub- 
stance appears to be less effective in cold blooded animals than in 
man. That it had a positive effect in increasing metabolism is 
beyond question, and it is worth while noting that the slow and 
prolonged action characteristic of its effects in man are in evidence. 
It is also noteworthy that this animal showed no tendency to 
waken under the influence of the hormone. Ultimately infection 
developed and spontaneous movements appeared which made it 
advisable to terminate estivation. But for 8 days, during which 
time the O, consumption was 75 per cent above the estivating level, 
the fish was perfectly quiescent. This fact confirms our previous 
conclusion that increased metabolism does not waken the animal, 
and in addition, permits us to conclude that thyroxine does not 
have a specific action in this direction. 

Adrenalin was administered by intramuscular injection to Fish 
13 without effect, though this negative result is not conclusive 
since the dosage was relatively small. 

In considering the circumstances under which the fish is natu- 
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rally wakened, it is to be noted that merely placing the fish in water 
is without effect. The animal floats until such time as the air is 
expelled from the lungs, after which it sinks quietly to the bottom. 
The fish is unable, of course, to obtain air under water and, if the 
cocoon is removed from the head, the mouth may be observed to 
open and close at increasingly frequent intervals as respiratory 
distress becomes augmented. Ultimately, muscular movements 
of increasing force appear until at last the fish breaks free and 
struggles to the surface. From this evidence it would appear that 
the development of asphyxia was the factor that wakened the 
animal. It was observed in experiments with Fish 12 that CO, 
in concentrations of 3 to 4 per cent has no effect upon the fish 
except to increase respiration. Fish 21 was kept for 5 days in 
N.-air mixtures having initial O; concentrations ranging from 10.66 
to 11.47 per cent. Apart from a slight, incidental increase in O, 
consumption during the first 3 days, the lowered O, concentration 
was without effect. It is entirely possible, however, that a 
greater degree of asphyxia develops after immersion in water than 
would be represented by 11.0 per cent of O, or 4.0 per cent of CO» 
applied separately. 


Excretion of Accumulated Metabolites. 


It has been stated above that all the evidence points to the 
complete cessation of urine excretion during estivation. This 
conclusion is amply confirmed by the analyses of the estivating 
fish, and by the relatively enormous excretion of urea after the fish 
is returned to water. 

The excretion of various metabolites accumulated during esti- 
vation has been carefully followed in several fish. Detailed data 
are given in Protocols 1, 2, and 3 for Fish 12, 13, and 21 respectively. 

Fish 12 and 21 were removed from mud with the cocoon nearly 
intact, and when estivation was terminated they were washed in a 
suitable volume of water for 1 to 3 hours to remove any urea, etc., 
which might be in the cocoon or on the skin. In these and several 
other instances the mud opposite the cloaca was analyzed and 
compared with mud from the top of the jar. In no case could 
significant quantities of urea or of other nitrogenous substances 
be recovered from this mud. Small quantities of urea and other 
metabolites can be recovered from the water in which the fish is 
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washed. These represent traces accumulated on the skin and 
cotton owing to resumption of kidney excretion in the moist cham- 
ber, and in part, traces excreted while the fish is in the wash solu- 
tion. But the amounts of urea, etc., which can be recovered from 
the cocoon and from the outside of the fish are quite small in 
comparison with the quantities that are excreted during the first 
24 hours in water. 

With the resumption of aquatic life the urea is excreted in spec- 
tacular quantities. That this urea is present in the estivating 
fish prior to its reversion to aquatic life is shown by the analyses of 
the muscles given in Table III; the urea content of the muscles 
may increase well over 100 times during estivation. Moreover, 
the failure of the O2 consumption to show any considerable in- 
crease during the postestivation period shows that the urea which 
is excreted at this time is not to any significant degree formed 
concurrently by stimulated protein metabolism. 

Protopterus does not have a urinary bladder, and we have 
never found significant quantities of fluid or of urea accumulated 
in the cloaca. In the one fish in which the analyses were made 
(Fish 8), urea was found in the same concentration in the bile 
and in the blood. There is no evidence that urea can be con- 
centrated by fish in any excrement, so it would appear that most 
of this excreted urea is actually removed from the blood and tis- 
sues concurrently with its observed excretion. This conclusion 
is supported by the rate of its excretion. Typically (Fish 12 and 
13, and Fish 29, 9, and 17 which are not reported in detail) the 
quantities excreted reach a maximum on the 2nd or 3rd day and 
decrease gradually through 8 to 12 days to the basal level. In 
one instance, however, (Fish 21) there was a relatively enormous 
and maximal excretion during the first 24 hours, amounting to 
5066 mg. of urea N per kilo. If this quantity of urea were ex- 
creted unconcentrated in urine or some fluid it would have re- 
quired 670 ce. of water per kilo of fish to carry it out of the body— 
an improbable volume. We presume that this urea is excreted 
largely by diffusion across the gills. If we consider all the re- 
covered urea as initially dissolved in the body water, and if we 
take this to be 82 per cent of the body weight, we would have in 


> 


Fish 21 a total of ie or 928 mg. of urea N percent. This fish 
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was kept in 1000 cc. of water which at the end of the first 24 hours 
had a urea N concentration of 61.6 mg. per cent. Thus a ter- 
minal concentration gradient of about 15:1 existed between the 
body fluids and the external solution. Calculated in the same 
manner, this gradient in Fish 12 and 13, which were kept in 500 
ec. of water, was 8 and 21, respectively. So even if considerable 
error is allowed for, there is no doubt that a sufficient concentra- 
tion gradient exists between the blood and the external water in 
all our experiments to permit the excretion of the urea by diffusion. 

The data given in Table II show that the fasted but active lung- 
fish excretes from 30 to 70 per cent of its nitrogen as NH;. In 
view of this fact it is important to note that nitrogen accumulates 
in the body during estivation entirely as urea, and that it is ex- 
creted as such after estivation is terminated. The ammonia ex- 
cretion is never significantly increased, but begins at a level which 
is comparable with that of the normal fish (7.e., 20 to 40 mg. per 
kilo per day). The fact that no NH; accumulates during estiva- 
tion may be related to the peripheral formation of this substance, 
as in the mammals, or it may be related to the suspension of 
muscular activity or some other phase of internal metabolism. 

The urea and NH;-N make up most of the total N excreted after 
estivation. This sum constitutes in Fish 12, 94 percent of the total 
N and 91 per cent in Fish 13 and 21. Unquestionably a consider- 
able fraction of the residuum is mucin N in the slime, which is 
quite abundantly excreted at this time. Slime excretion was 
minimal in Fish 12, possibly because this fish remained entirely 
free of infection, and therefore we believe that the higher figure 
obtained in this case is significant. It would appear, then, that 
during estivation at least 94 per cent (if not all) of the protein N 
is degraded either to urea or to an ammonia precursor. 

Coincident with the excretion of urea there occurs a rapid ex- 
cretion of SO,;. After passing through an early maximum the 
daily excretion falls rapidly toward the basal level. The accumu- 
lation of SO, during estivation is to be expected from the oxidation 
of protein sulfur. The rapid excretion of this substance, which 
we believe to be excreted entirely by the kidneys in fish (Smith, 
1930,a), shows that renal activity is rapidly resumed. 

The SO, excretion was essentially at the basal level within 10 
days in Fish 12, 13, and 21, from which fact we reason that the 
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kidneys should be capable of excreting any other accumulated 
metabolic products within this period of time. In view of this 
fact, it is particularly significant that there is no increased excretion 
of creatine and PO, after the termination of estivation; their ex- 
cretion begins with very small amounts and rises slowly over a 
period of days to the basal level. The fact that urea and SO, 
are massively excreted after estivation, while creatine and PO, 
are not excreted at this time in even normal amounts, suggests 
that there is an important difference in the metabolism of these 
two groups of substances. 

In order to evaluate these results more accurately, we made a 
careful series of observations on the basal excretion of N, SOx, 














TABLE IV. 
Comparison of Metabolites Recovered and Expected from Estivating Fish. 
| Fish 12, | Fish 13. Fish 21. ng 
| ; per cent 
Recoy-| Ex- | Recov-| Ex- | Recov-| Ex- recov- 
| ered. pected.| ered. | pected.| ered | pected.| ered. 
Urea + NH-N, mg.......- lsac1 | —s633. | 7945 
OM sn Jd | 10.6 15.5| 6.0|16.0| 13.7| 22.6| 55.5 
Be sdcacdinendsaduatial | | 9.6 12.7) 16.1) 12.8 |100.0 
Dal Cre 
Total creatine N, mg......| 11.3/184.0 11.1)189.0 | 50.2|267.0 | 10.3 
DE atstadecraeaeinel 1.5) 21.0) 21 21.6) 2.2 30.5) 8.0 
By Wo sn eutearasosirnale | 4.8) 27.6) 2.5) 28.4) 2.0] 40.1| 10.4 











ete., in Fish 12, as described above. By using the basal ratios 
obtained in this fish we have calculated from the recovered N in 
Fish 12, 13, and 21 how much SQ,, ete., should be excreted had 
these substances accumulated in the body during estivation in 
amounts proportional to the nitrogen. These calculations are 
given in Table IV in comparison with the actual quantities of each 
metabolite recovered. 

Reference to these data shows that about 50 per cent of the 
expected SO, is recovered simultaneously with the nitrogen. The 
lowest recovery is from Fish 13 from which the wash solution was 
lost; since a considerable amount of SO, was excreted by Fish 
12 and 21 in the urine formed in the moist air of the metabolism 
chamber, we think the lower recovery in Fish 13 was attributable 
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to this fact. There is every reason to believe that if SO, can be 
excreted by the kidney, creatine and PO, can also be excreted. Yet 
in these same periods (9 to 13 days) there wereeexcreted by these 
fish only 10 per cent of the expected creatine, 8 per cent of the 
expected PO,;, and 10 per cent of the expected K. This small 
recovery, coupled with the ascendant character of the excretion 
curves, indicates that the metabolism of these substances is only 
gradually resumed after estivation is terminated. 

The metabolism of creatine and creatinine has not been ex- 
amined extensively in the lower animals. More creatine than 
creatinine is normally excreted by birds, turtles, and the python 
(Hunter, 1928). Dorner (1907), van der Heyde (1921), and Hsu 
(1925) were unable to find either substance in the urine of frogs, 
though this failure was possibly attributablé to the very dilute 
nature of the urine examined. (As judged by the Jaffe reaction 
we have rarely failed to find either creatine, creatinine, or both 
in the urine of fasted and fed frogs in metabolic studies including 
a large number of observations (unpublished).) Creatine pre- 
dominates over creatinine in the urine of fish (Denis, 1913-14; Mar- 
shall and Grafflin, 1928; Grollman, 1929; Smith, 1929; Marshall, 
1930). It is noteworthy that Grollman isolated creatine from 
Lophius urine and showed that the Jaffe reaction gives results 
which are in good agreement with the specifically identified yield 
of creatine. We have found in the urine collected from freshly 
caught specimens of Protopterus traces of creatine but no creati- 
nine (see Table I). The fact that ammonia and urea are excreted 
by the gills in fish leads to the creatine assuming a disproportionate 
fraction of the total urinary nitrogen (Smith, 1929), though when 
the extrarenally excreted nitrogen is added to the urinary con- 
stituents the total creatine approximates the usual proportion of 
the total nitrogen (7.e., 2 to 6 per cent). From these facts it 
appears that creatine and creatinine N is largely excreted in the 
first form by fish, but apart from this fact there is no evidence 
that these substances have any other significance in these animals 
than in mammals. 

The above evidence might be interpreted as showing either that 
creatine metabolism is suspended in the lung-fish during estiva- 
tion, or that this substance is anabolized in a cyclical fashion as 
fast as it is catabolized. We see no way to decide between these 
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alternative explanations, but it is significant that the estivating 
fish is completely immobilized in its mud nest; not only is muscu- 
lar activity (except as related to respiration) impossible, but the 
conditions are such as to suggest that muscular tone is also in 
complete abeyance. 

Some importance attaches to the fact that PO, behaves like 
creatine, in that there is no apparent accumulation of this substance 
during estivation, although large amounts are excreted by the 
active, fasted fish. Fiske and Subbarow (1929) have shown that 
there normally exists in the skeletal muscles of mammals a labile 
phosphocreatine compound which during muscular activity or 
after injury decomposes to yield creatine and inorganic phosphate. 
Our observations on the lung-fish lead us to suggest that the simul- 
taneous abeyance of both creatine and phosphate catabolism dur- 
ing estivation issues from the natural chemical relationship be- 
tween these substances in the muscle. 

The excretion of K is much less in the postestivating fish than 
would be expected from the basal N:K ratio in active fish. Such 
K as is excreted, however, escapes from the body rapidly at first 
and in diminishing amounts thereafter. In this respect K differs 
from creatine and PO, since it appears to accumulate to a slight 
extent in a catabolized state during estivation. The amounts 
thus excreted are so small, however, that one is led to suspect that 
the metabolism of this substance in estivating fish is in part, at 
least, related to the metabolism of creatine and PQ,. 

The above facts lead us to divide the metabolism of the lung- 
fish into two categories: one pertaining to the combustion of pro- 
tein in which the N is degraded to urea and the 8 to SOx, the urea 
and SO, accumulating as such in the body during estivation, to be 
rapidly excreted as complete waste products on the resumption 
of aquatic life; and a second category which includes creatine and 
PO, (and possibly some K) and which pertains to the skeletal 
muscles, the metabolism of these substances being either cyclical 
in the closed system of the estivating fish or completely suspended 
in consequence of the complete cessation of muscular activity 
during estivation. In addition no NH; formation occurs in esti- 
vating fish. 

We found no more than traces of uric acid in the blood and the 
urine of freshly caught lung-fish (Table I). We tested the tungs- 








124 Metabolism of Lung-Fish 


tate filtrates prepared from the muscles of estivating Fish 15 and 8 
by Benedict’s method (1922); the color developed corresponded to 
0.1 mg. per cent. It is, of course, doubtful whether this color 
was attributable to uric acid and it seems probable that Protop- 
terus completely decomposes this substance. It is worth noting 
that the fresh water carp excretes about 0.2 per cent of its nitro- 
gen as uric acid, as judged by the colorimetric reaction (Smith, 
1929). If this fraction of the urea N had accumulated in Fish 15 
and 8 as uric acid, the quantities present would have exceeded the 
observed by many times. We have repeatedly examined the 
excreta of postestivating lung-fish for uric acid without obtaining 
a color significantly darker than a blank. We have obtained a 
positive reaction in the urine of cod (1.5 to 2.5 mg. per cent of uric 
acid N), carp (up to 0.63 mg. per cent), goldfish (up to 0.4 mg. 
per cent), puffer (2.0 mg. per cent), Lophius (1.5 mg. per cent) 
(see also Grollman, 1929), bowfin (2.6 mg. per cent), red grouper 
(4.5 mg. per cent), and sheepshead (1.4 mg. per cent). Uric acid 
occurs in the blood of teleosts (Denis, 1913-14; Marshall and 
Grafflin, 1928), elasmobranchs (Denis, 1922), and in small amounts 
in the urine of the dogfish (Denis, 1912-13). It would appear that 
the fishes (with the possible exception of the elasmobranchs which 
Przylecki (1926) claims decompose uric acid) excrete at least part 
of their purine N in this form. Since uric acid is probably the 
most toxic of all identified nitrogenous metabolites normally 
formed in mammals, the absence of this substance in the estivating 
lung-fish is particularly significant. These fish have degraded 
approximately 20 per cent of their body protein in a year’s time 
and retained all the nitrogenous metabolites in consequence of 
complete cessation of renal activity. The state of “uremia” 
which prevails in them is a perfectly natural one, and it is appar- 
ently borne without injury; the degradation of uric acid to some 
less toxic substance may contribute in large measure to this 
phenomenon. 

We tested both the neutralized tungstate and trichloroacetic acid 
filtrates of Fish 8 for acetone and acetoacetic acid by the nitro- 
prusside and ferric chloride tests. Controls were run by adding 
acetone to these filtrates, in which 0.02 per cent gave a positive 
test. We can therefore say that the amounts of these substances 
present were less than this quantity. Their absence would indi- 
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cate that Protopterus is singularly free from ketosis, since this 
fish had been fasted and the products of metabolism had been ac- 
cumulating for 362 days, during which time it must have burned 
at least 1 per cent of its body weight in fat. Acetone might have 
been excreted by the lungs, but it is doubtful whether acetoacetic 
acid could be disposed of otherwise than by combustion. 

A single observation showed 0.170 per cent glycogen in the 
skeletal muscles of Fish 8 after a total period of fasting lasting 
about 470 days. This is perhaps a long time record relative to 
the permanence of this valuable carbohydrate in the muscles of 
a fasted animal. 

TABLE V. 


Summary of Loss of Weight, Accumulation of Urea, Eic., in 
Estivating Protopterus. 





Urea + 








Fish No. | Days. re weight. Final weight. | NH3-N "Estivating Os. 
| | . Me 
gm. gm. | gm. | va 5 tg . 
12 378 =| = 248.2 | 204.0 | 1.115 | 6.5 
13 410 | 228.1 168.0 | 0.977 8.0 
20 | 0 4a7,— | 8.7 | «121.2 | 0.968 8.5 
19 | 379 163.5 | 113.5 0.945 | 8.4 
17 | 191 114.4 | 90.8 | 0.372 | 19.6 
15 456 124.0 | 85.5 0.745 | 5.0 
5 | 455 156.3 | 98.0 | 1.099 13.0 
8 | 362 286.0 | 235.3 | 0.800 | 
7 | 364 204.9 | 1469 | 1.175 | 14.0 
| | ————— 
Average...| 380 | 182.3 132.4 | 0.884 





The interesting question of water equilibrium, osmotic relations, 
etc., in active and estivating fish will be discussed in a subsequent 
paper. 

SUMMARY. 


In the active lung-fish about 15 per cent of the total metabolism 
is attributable to muscular movements, muscular tone, circulation, 
and respiration; the rest is attributable to non-mechanical proc- 
esses of an unknown nature. About 50 per cent of the total 
metabolic energy is normally furnished in the active, fasting lung- 
fish by protein. The degraded nitrogen is excreted about equally 
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as urea and ammonia, together with relatively constant quantities 
of SO, (presumably derived from protein 8), PO,, K, and creatine. 

During estivation the fish is rigidly imprisoned in hard mud. 
It passes into a state of sleep or inhibition, which is apparently of 
nervous origin induced by postural fixation, from which it is 
wakened, presumably by asphyxia, when resubmerged in water. 
This state of sleep is not affected by temperature, metabolic rate, 
mild sensory stimulation, or by thyroxine, and it may be abolished 
before the accumulated metabolites have been excreted from the 
body. 

The estivating fish is entirely enveloped by a cocoon formed of 
dried slime except at the oral aperture through which it gets air. 
It lives entirely without water and exogenous fuels, and urine 
formation is completely suspended in an atmosphere of ordinary 
humidity. 

During estivation the metabolic rate may sink to low levels, a 
considerable reduction occurring in the non-mechanical as well as 
the mechanical metabolism. This reduction appears to be at- 
tributable primarily to progressive emaciation. 

In the estivating fish protein continues to furnish a large frac- 
tion of the metabolic energy, the protein N being almost quanti- 
tatively degraded to urea which accumulates in the body to the 
extent of 1 to 2 per cent of body weight in 1 year. Ammonia 
formation is apparently suspended. When returned to water the 
urea is quickly excreted as such, together with large quantities of 
SO,. The excretion of creatine and of PQO,, on the other hand, 
begins at a low level and rises slowly to the normal, basal level; 
it would appear that these substances are either recatabolized, or 
that their anabolism is suspended, during estivation. In relation 
to the latter interpretation it is significant that muscular activity 
and muscular tone are reduced to a negligible level during estiva- 
tion because of the complete immobilization of the animal. 

No acetone or acetoacetic acid can be detected in estivating 
fish, and uric acid is apparently decomposed. 

The lung-fish is a less efficient animal in prolonged fasts than 
man; because of a larger protein combustion the former gets only 
about 1.6 calories per gm. of body weight lost while fasting, as 
compared with the 4.0 calories obtained by the latter. 
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Methods. 


The gaseous metabolism of active and estivating fish was fol- 
lowed in all-glass chambers constructed from so called Hempel 
improved desiccators with tubulature and ground glass stop- 
cock. An additional 3-way capillary stop-cock was added to the 
tubulature close to the desiccator to permit removal of gas samples. 

0.2 n CO.-free NaOH was placed in the upper part of the desic- 
cator to absorb CO... The fish was kept in 100 to 500 e¢. of dis- 
tilled water in the bottom chamber. To insure against leaks all 
ground glass joints were sealed externally with paraffin in addi- 
tion to the light lubricating grease ordinarily used. Analyses of 
the respired gases were made on about 10 cc. samples, with a 
specially calibrated Haldane analyzer, the samples being removed 
through flexible 1 mm. copper tubing with expanded brass nip- 
ples at each end to permit attachment to the chamber and the 
Haldane analyzer. After the respired gas was analyzed, the 
chamber was opened and the alkali and water removed. These 
were analyzed for CO, by Van Slyke manometric analysis, and 
nitrogenous and other constituents were determined in the water. 
The O, content of the water was not determined since only a 
negligib'e error is introduced by neglecting this term. 

When preparing the chamber for a metabolic run, the stop- 
cocks were left open for 10 minutes to permit equalization of 
temperature, pressure, and saturation with water vapor. After 
recording the external barometric pressure and the temperature 
as shown by a thermometer within the chamber the stop-cock was 
closed. At the end of the run the chamber was connected by 
capillary tubing to a mercury manometer and the internal pres- 
sure noted. The actual volume of gas within the chamber was 
determined by the difference between the total volume and the 
volume of the alkali, water, and fish. From these data the vol- 
ume of O, corrected to normal temperature and pressure could be 
calculated for the beginning and the end of the run and the O, 
consumption determined without reference to the absorbed CO:. 
Nearly all metabolic runs were for approximately 24 hour periods, 
and were terminated at the time when the gas was analyzed and 
the water and alkali replenished. Total nitrogen was determined 
by Koch and McMeekin’s method (1924) and direct Nessleriza- 
tion; 1 ec. of 50 per cent H.SO, solution and 3 drops of 1 per cent 








128 Metabolism of Lung-Fish 


CuSO, solution were used for ashing, and 12 to 13 ec. of Nessler’s 
solution (Folin and Wu, 1919) added to the diluted residue to 
take care of the excess acid, the mixture being made up to 50 ce. 
It may be worth reiterating Folin’s precautions that it is very im- 
portant to maintain the full alkalinity of the Nessler’s solution, 
and to add this to the well diluted residue quickly and uniformly 
but with vigorous shaking to prevent precipitation. Ammonia 
was determined in the water by direct Nesslerization of 5 to 20 cc. 
samples, with 5 cc. of Nessler’s solution, the mixture being made up 
to50cc. Urea + NH;-N was determined by decomposition with 
urease and direct Nesslerization; the samples should contain not 
over 0.2 mg. of urea + NH;-N; otherwise precipitation occurs on 
the suspended particulate matter from the urease. These analyses 
were made within a few hours after the end of the metabolic run 
to prevent bacterial decomposition. The remaining water was 
filtered and preserved with chloroform. When six to eight batches 
had accumulated, measured quantities were concentrated on the 
hot plate and diluted to one-tenth of their original volume. 

From 5 to 15 ec. of these concentrated solutions were used in 
the following analyses, according to the quantities of the particu- 
lar constituent present. Total creatinine N was determined by 
heating in the water bath for 3 hours with an equal volume of 
N HCl, the subsequent addition of an equivalent amount of NaOH, 
and colorimetric determination by the Jaffe reaction with a cre- 
atinine standard (Folin, 1922). The picric acid was recrystallized 
three times from water and simultaneous blank determinations 
were made in all cases. Tests for uric acid were made by Bene- 
dict’s method (1922). Phosphate was determined in the earlier 
work by Briggs’ modification of the Bell-Doisy method (1924) 
and in the later work by Fiske and Subbarow’s method (1925). 
SO, was determined by the benzidine method of Fiske (1921) after 
acidifying to a yellow color with bromocresol purple. For the 
determination of K an aliquot was ashed with HNO;, H,SOQ,, and 
superoxol, fired, and dissolved in water; the K was precipitated as 
the cobalti-nitrite (Kramer and Tisdall, 1921), at least 4 hours and 
usually 18 hours being allowed for complete precipitation. The 
cobalti-nitrite was measured by diazotization (Briggs, 1923), 
30 minutes being allowed for color development. Standard K 
solutions were included in each set of determinations, 
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The skeletal muscles of the estivating fish, No. 8, were rapidly 
dissected, frozen with liquid air, and triturated in a cold mortar. 
The tissues of Fish 5 and 15 were triturated with pulverized glass 
without freezing. These fish were analyzed shortly after death 
in the metabolism chamber. Filtrates were prepared by adding 
one weight of tissue to 3 volumes of water and 1 volume of 20 per 
cent trichloroacetic acid, or to 7 volumes of water, 1 volume of 10 
per cent sodium tungstate, and 1 volume of 0.66 nN H,SO,. The 
mixtures were allowed to stand overnight before filtration. Total 
creatinine was determined in the tissues of Fish 8 by the method 
of Rose, Helmer, and Chanutin (1927) and checked on the filtrates. 
On the other tissues total creatinine was determined only in the fil- 
trates, a wholly reliable procedure because of the ease of dissolution 
of fish tissues. For the glycogen determination we are indebted to 
Dr. Kenneth Blanchard. Other constituents were determined 
in the tissue filtrates by the methods described for the analysis of 
the water from the metabolism chamber, with appropriate modi- 
fications for concentration, etc. 
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The problem of estimating bromides in the presence of relatively 
large amounts of chlorides has attracted much attention, but none 
of the more simple of the published methods, summaries of which 
are to be found in papers by Bernhardt and Ucko (1) and by 
Tomicek and Jansky (2), has given satisfactory results in our 
hands. We have made no attempt to employ potentiometric 
measurements, which, to be successful, require the preliminary 
removal of the major portion of the chlorides (3). 

We have found that bromides ean be almost selectively oxidized 
by permanganate in phosphoric acid solution, and that the result- 
ing bromine can be quantitatively transferred to carbon tetra- 
chloride. In the presence of much chloride a small proportion of 
chlorine is also taken up by the carbon tetrachloride; the separa- 
tion can, however, be made practically complete by reducing the 
liberated halogens with sodium sulfite and repeating the process 
two or three times. Under the conditions adopted, any iodide 
which may originally have been present is oxidized to iodate and 
thus eseapes extraction by the organic solvent. 

Removal of organic matter from the original sample is of course 
necessary, and this involves an ashing process.!. We have found 
that no appreciable loss of bromide occurs when the incineration 


* This work was aided by the Research Grant from the Chemical Founda- 
tion to this Department. 

+ George Blumenthal, Jr., Fellow in Columbia University. 

‘ Lucas (4) has described a process in which this operation is avoided by 
precipitation and subsequent decomposition of silver halides, but the over- 
all accuracy of the method is low (90 per cent with 10 mg., 96 per cent with 
100 mg. of bromide). 
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is conducted in platinum vessels at a temperature of 460—475°, in 
presence of potassium hydroxide, as recommended by Pincussen 
and Roman (5). The use of nickel vessels for this purpose leads 
not only to notable losses, especially in the case of blood, but also 
to profound corrosion of the metal. 

The method as finally adopted is as follows: 10 to 15 ec. of 
blood or 50 to 100 cc. of urine are treated with 2 ec. of 50 per cent 
potassium hydroxide solution and evaporated to dryness in a 
platinum dish (6 to 7 em. diameter) on the steam bath. The 
residue is heated over a very small flame until effervescence 
ceases, when the dish is transferred to an electric muffle? and heated 
for 3 to 4 hours at 460-475°. When cold, the residue is extracted 
with 50 to 75 ce. of distilled water in several portions; the resulting 
solution is filtered into a platinum dish and evaporated to dryness 
on the steam bath. The residue is again heated at 460-475° in the 
muffle for 30 to 45 minutes, and dissolved in 10 to 15 ec. of water; 
the solution is made up to 25 ce. 

A 20 ee. aliquot of this solution is placed in a 60 ec. cylindrical 
separatory funnel® and treated with 5 ec. of 85 per cent syrupy 
phosphoric acid. To this mixture is added enough of 0.1 N solu- 
tion of potassium permanganate in dilute (1:4 by volume) phos- 
phoric acid to bring the color of the whole equal in intensity to that 
of 0.02 N permanganate. After standing at room temperature for 
10 minutes (to insure oxidation of iodine to iodate), during which 
time further quantities of permanganate solution are added as 
necessary to maintain the color intensity, the solution is repeatedly 
shaken with 5 ce. quantities of pure carbon tetrachloride until 
three successive shakings yield perfectly colorless extracts. Addi- 
tion of further quantities of permanganate may be necessary dur- 
ing this extraction. Losses of halogen from the stem of the funnel 
are minimized by allowing 1 to 2 ce. of fresh carbon tetrachloride 
to flow through the apparatus (without shaking) after each ex- 
traction. 


? It is advantageous to remove the pyrometer plug from the back of the 
muffle, in order to permit the access of sufficient air for complete 
combustion. 

3 The separatory funnels employed for this purpose must be selected 
with care; in some instances it has been found impossible to prevent traces 
of the lighter (aqueous) solution from passing through the stop-cock. 
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The carbon tetrachloride solutions are run directly into a second 
separatory funnel containing 10 cc. of 0.5 per cent sodium sulfite 
solution, and the whole is well shaken. After being allowed to 
settle, all but about 5 ec. of the tetrachloride is discarded,‘ and 
2.5 ec. of 85 per cent phosphoric acid are added, followed by enough 
of the permanganate solution to make the color equal to that of 
0.02 n. Extraction with carbon tetrachloride is carried out 
exactly as before, and the extracts are run into a third separatory 
funnel containing 10 cc. of 0.5 per cent sodium sulfite solution 
The entire process is repeated, and the extracts from the third 
oxidation are added to 20 to 25 cc. of a freshly prepared solution 


TABLE I. 
Recovery of Bromine. 














aie No. | No reduction. One reduction. | Two reductions. 
| mg. mg. | mg. 

1 | 7.59 | 7.64 7.48 
2 0.48 0.45 0.49 
3 0.07 0.06 0.11 
4 0.02 0.00 0.01 
5 0.01 
6 0.00 | 

_ SE 8.17 8.15 8.09 





of 0.5 to 1.0 gm. of potassium iodide. The liberated iodine is 
titrated with 0.01 n thiosulfate. 


Recovery of Bromine. 


The efficiency of the extraction procedure and completeness of 
the recovery of bromine on repeated oxidation and reduction cycles 
are indicated by the experiment shown in Table I in which 8.15 
mg. quantities of sodium bromide (without chloride) were taken. 

With two reduction stages, solutions containing 16.30 mg. of 
sodium bromide gave 15.88 and 15.94 mg. of NaBr, while the 
recovery from 4.075 mg. was 4.09 and 4.03 mg. 


‘This solvent may be employed without further treatment for subse- 
quent extractions in the same analysis. 
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Removal of Chloride. 


The experiment in Table II, with 1.0 gm. quantities of sodium 
chloride (without bromide), shows the extent to which chlorine 
passes into the extract at each stage, the results being expressed 
in the number of ec. of 0.00962 N thiosulfate. 

The final value of 0.03 ce. corresponds to 0.03 mg. of sodium 
bromide. 

TABLE II. 
Liberation of Chlorine. 








Extraction No. | No reduction. One reduction. Two reductions. | Three reductions. 
— | —_ —___—_—_—_—_— -—-—— —__—— 
ce. ee. ce. ce, 

1 4.02 1.21 0.07 0.01 

2 10.53 0.91 0.01 0.01 

3 11.91 0.73 0.00 0.01 

4 11.02 0.17 0.00 0.00 

_ eee 37 .48 3.02 0.08 0.03 

TABLE IIL. 


Estimation of Bromide. 


NaBr found. 








No. of estima- 


NaBr taken. tious. 





Minimum. Maximum. Average. 

mg. | mg. | mg. mg. 

50.8 | 2 49.5 49.8 49.7 
20.32 2 19.58 19.75 19.67 
16.28 1 15.60 
10.16 9 9.33 10.67 10.07 
8.14 2 7.77 7.82 7.80 
5.08 | 2 5.06 5.07 5.06 
4.07 | 2 3.84 3.90 3.87 
1.628 | 3 163 | 1.69 1.66 
1.016 | 2 1.11 1.19 1.15 
0.814 | 2 | 0.84 | 0.89 0.87 
| 2 0.64 0.70 0.67 





Variation in Amount of Bromide. 


Determinations were run with various quantities of sodium 
bromide in the presence, in each case, of 1.0 gm. of sodium chlo- 
ride, two reduction stages being employed. The results are shown 
in Table III. 
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Influence of Iodide. 


A mixture of 1 gm. of NaCl, 4.07 mg. of NaBr, and 6.015 mg. 
of KT in 20 ec. was analyzed, two reduction stages being employed, 
with four extractions after each oxidation. Found 4.12, 4.02 mg. 
of NaBr. 


Loss of Bromide on Incineration. 


Two composite samples of human blood were analyzed, with 
and without the addition of 9.90 mg. quantities of sodium bromide 
to each 12 ce. portion taken for analysis. ‘The procedure described 
above was followed exactly in duplicate, two reduction stages 
being employed. 





Sample. | Without added NaBr. | Average. With 9.90 mg. added Average. | Average 





NaBr. ditference. 
| mg. mq. nig. mg. nid. mig. mg. 
A | 1.25 | 1.74 1.50 11.03 | 11.60) 11.32 | 9.82 


B | 0.72 0.94 0.83 | 10.28! 10.90 10.59! 9.76 








The loss is thus within the error of the analytical procedure. 


SUMMARY. 


A simple and moderately accurate method is described for the 
estimation of bromides in biological fluids, based on the selective 
oxidation of bromide by permanganate in dilute phosphoric acid. 
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In recent years polyterpene chemistry has been greatly ad- 
vanced, especially through the work of Ruzicka and his coworkers, 
by the application of the method of exhaustive dehydrogenation 
with sulfur, and more recently by the use of the selenium method 
of Diels.'. During the past year Ruzicka has extended the study 
to the more complex triterpene derivatives, such as the amyrins* 
and various sapogenins.* Although frequent reference has been 
made to the probable close relationship of the sapogenins, sterins, 
and other higher terpenes, it is very necessary to continue the study 
in order to determine the real particulars of these relationships. 
In a report of their experiments on the amyrins Ruzicka, Huyser, 
Pfeiffer, and Seidel? obtained by dehydrogenation with sulfur* 
and preferably with selenium a hydrocarbon, C,;H,,, which was 
isolated as the picrate or styphnate and was found to be a trime- 
thylnaphthalene. This hydrocarbon on oxidation gave a naphthal- 
enetricarbonic acid. Since ina subsequent work Ruzicka and van 
Veen’ succeeded in obtaining the same hydrocarbon by dehydro- 
genation with selenium of a series of sapogenins and sterins, al- 
though with certain exceptions, they have proposed the name 


' Diels, O., and Karstens, A., Ber. chem. Ges., 60, 2323 (1927). Diels, 
O., Giidke, W., and Kérding, P., Ann. Chem., 459, 1 (1927). 

2? Ruzicka, L., Huyser, H. W., Pfeiffer, M., and Seidel, C. F., Ann. 
Chem., 471, 21 (1929). 

3 Ruzicka, L., and van Veen, A. G., Z. physiol. Chem., 184, 69 (1929); 
Rec. trav. chim. Pays-Bas, 48, 1018 (1929). 

* Brunner, O., (Monatsh. Chem., 50, 287 (1928)) has also recently reported 
experiments on the dehydrogenation of the mixed amyrins with sulfur 
which, however, were very inconclusive. 
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sapotalinfor this trimethylnaphthalene. Although the mechanism 
of the formation of this substance is still unknown, they have been 
able to conclude that there is a close relationship between a 
number of these sapogenins and natural triterpene derivatives. 
This conclusion in so far as 8-amyrin and hederagenin are con- 
cerned has been extended by our own work which is presented 
in the present and following communications. 

Before the appearance of the experiments of Ruzicka and co- 
workers on the dehydrogenation of amyrin, we had already in 
progress a study of the dehydrogenation of this substance. Since 
our point of view and immediate objective differed from those of 
these workers we have therefore continued these studies. In the 
dehydrogenation experiments already mentioned, the purpose 
has been exhaustive treatment in order to achieve complete con- 
version into aromatic hydrocarbons which might be easier of 
recognition. It occurred to us that it might be possible to inter- 
rupt the dehydrogenation at proper points and so obtain sub- 
stances which represent partial dehydrogenation before too deep 
seated changes have occurred. The study of such derivatives 
might then prove useful in giving clues to the structure of the 
parent substances. With this in view, the examination of a series 
of substances has been begun, including the sapogenins, resin aleo- 
hols, and other polyterpene derivatives as well as the cardiac 
aglucones and other members of the saturated polycyclic group. 
Our preliminary results have demonstrated the possible useful- 
ness of this method of approach. We shall present here the 
experience with the amyrins. 

These experiments have been made with pure a- and 6-amyrin 
which were prepared by the method of Vesterberg and Westerlind® 
from the crude mixture of the isomers obtained from gum elemi 
as well as with their benzoates. When a- and §-amyrin were 
heated in an atmosphere of nitrogen with an equal weight of sulfur, 
a slow but steady evolution of hydrogen sulfide occurred at 200- 
210°, which continued for several hours with the bath at this tem- 
perature, and then gradually ceased. In the case of the benzoates 
it was necessary to go somewhat higher, to 220-230°, in order to 
obtain a parallel result. If in any case the temperature was 


5 Vesterberg, K. A., and Westerlind, 8., Ann. Chem., 428, 243 (1922). 
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raised, as previous observations have already shown, there was of 
course further dehydrogenation with extensive carbonization. 
If, however, the reaction was interrupted at this point, it was 
possible to isolate definite transformation products. This was 
accomplished by extraction of the reaction mixture and fractiona- 
tion of the soluble material at low pressure. The resulting resins 
were then crystallized from appropriate solvents. But the sub- 
stances obtained in the case of 8-amyrin and its benzoate differed 
in character from those obtained from the acompounds. #$-amyrin 
or its benzoate yielded sulfur compounds which from the formula- 
tions deduced from the analytical results, respectively CsoH OS 
and C;;H,s0.8, have been formed by the removal of 3 mols of 
hydrogen and the introduction of 1 sulfur atom. The reactions 
occurring in the case of 8-amyrin and its benzoate were identical 
since the thio compounds obtained from both sources were inter- 
convertible by benzoylation or saponification. The yield in the 
case of the benzoate (about 50 per cent) was somewhat better 
than in the case of 6-amyrin itself (35 per cent). The secondary 
hydroxyl group of §-amyrin is, therefore, retained in the sulfur 
derivative. 

The sulfur of the thio compounds is apparently of complex 
thiophene character since it cannot be removed as hydrogen sulfide 
on heating with strong alcoholic alkali. On the other hand, it was 
readily removed in oxidation experiments, as given below. At- 
tempts to demonstrate the presence of new double bonds by cataly- 
tic hydrogenation experiments were unsuccessful. This fact, 
however, does not exclude the presence of double bonds. 

In the oxidation experiments the benzoate of the thio com- 
pound was employed in order to avoid complications which might 
arise by participation in the reaction of the secondary hydroxyl 
group. With permanganate in acetic acid, it was gradually 
oxidized with the formation of at least two substances of neutral 
character which no longer contained sulfur. Although it was 
possible to separate these substances by fractional recrystal- 
lization, it was found preferable to saponify the crude benzoate 
mixture. From the resulting mixture of hydroxy compounds the 
two substances were separated by fractional recrystallization 
and gave analytical figures which agreed best with the formule 
C3o0H O03 and Cso0H 40g respectively. 
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On acylation both of these substances gave only a monoacetate 
or a monobenzoate, the latter proving to be identical in each case 
with the benzoates obtained directly in the above oxidation. 
Therefore, aside from the secondary hydroxyl group originally 
present in amyrin, no other hydroxyl group can be detected by 
acylation. The substance Cs9HO; proved to be a ketone since 
it yielded, although with some difficulty, a monooxime. By the 
Clemmensen method only 1 oxygen atom could be replaced by 
hydrogen. The remaining oxygen atom introduced during the 
oxidation is, therefore, of undetermined character although it is 
presumably a hydroxyl. The substance resisted all attempts to 
cleave it on heating with strong alkali. 

The substance C39H yO, is apparently a lactone. Although it 
resisted boiling in 5 per cent alcoholic alkali for hours, when 
heated with 10 per cent alkali at 130° it was converted into a 
monobasic acid, Cso.HO;. The same substance was encountered 
in the reaction mixture obtained on saponification of the crude 
benzoate mixture. The lactone did not react with hydroxylamine. 
It formed only a monoacetate and a monobenzoate and the latter 
proved to be identical with that isolated directly from the oxidation 
mixture. No indication of the absorption of hydrogen was ob- 
tained in experiments on catalytic hydrogenation. 

The above ketone, however, was found to absorb catalytically 
activated hydrogen and the resulting substance appeared to be 
a mixture of isomers. The analytical figures, although not in 
close agreement, approximated those for amyrin, indicating 
definitely the loss of the 2 extra oxygen atoms during the hy- 
drogenation, and since it still gave a benzoate, the retention of the 
original secondary hydroxyl. 

Owing to the temporary lack of sufficient material we have been 
forced to interrupt this work for the present. With the data at 
hand it is perhaps premature to suggest a picture of the mechanism 
of the formation of these oxidation products from the thio com- 
pound and much less the relationship of the latter to the parent 
triterpene alcohol. Although several interpretations are possible, 
we shall leave this rather until further work has been done. 

In the recent work of Ruzicka with Pfeiffer® and with van Veen’ 


6 Ruzicka, L., and Pfeiffer, M., Helv. Chim. Acta, 9, 841 (1926). 
7 Ruzicka, L., and van Veen, A. G., Ann. Chem., 476, 70 (1929). 
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on the dehydrogenation of elemol with sulfur, a sulfur-containing 
dehydrogenation product has also been obtained for which a 
thionaphthalene structure has been proposed. The possibility of 
any structural analogy between this substance and our own must 
be left for the present. It might be further noted that in the 
dehydrogenation of colophonium oil with sulfur along with 
retene, a crystalline sulfur compound, C,sH,S, has been described 
by Schultze® as a thioretene which was shown to be a secondary 
product due to the further action of sulfur on retene. 

In the case of both a-amyrin and its benzoate the reaction with 
sulfur was found to take a different course, at least in so far as was 
indicated by the study of the reaction product which was obtained. 
The reaction with sulfur was performed exactly as in the case of the 
B-isomers. Much more carbonization occurred than in the case 
of the 8-isomer and a much smaller yield, only about 10 per cent, 
of a crystalline substance was isolated, which was found to contain 
no sulfur. The analysis gave figures which agreed with the 
formulze C3oHis0 and C3;H;20:2 for the free hydroxy compound and 
the benzoate respectively. This indicates that its formation from 
a-amyrin hasresulted from the loss of 1 molof hydrogen. Character- 
istic of dehydro-a-amyrin is its high rotation, [a] = +358°, and the 
indigo blue color which it instantly gives with the Liebermann 
cholesterol test. For further characterization dehydro-a-amyrin 
was oxidized with chromic acid to the ketone, dehydro-a-amyrone, 
from which an oxime was prepared. For the time being, 
its behavior on oxidation with permanganate has not been 
studied. 

The difference in the behaviors of a- and §-amyrin on partial 
dehydrogenation with sulfur brings up for the first time the question 
whether the difference in structure between these isomers is 
merely stereochemical. On the other hand, as will be seen in the 
following communication on a derivative of hederagenin, there is 
a striking parallelism in the behaviors of this sapogenin derivative 
and $-amyrin, which increases the probability of the close relation- 
ship between these substances, since analogous structural features 
are probably involved in each case in the dehydrogenation and 
cyclization with sulfur. 


§ Schultze, W., Ann. Chem., 369, 129 (1908). 
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EXPERIMENTAL. 
Partial Dehydrogenation of 8-Amyrin and Benzoate. 


In the dehydrogenation experiments it was found useful in all 
cases to employ a long necked 50 cc. Pyrex flask fitted with a 
ground glass stopper of wash bottle type containing an inlet and 
an exit tube. The latter was connected with a small trap which 
was in turn connected with a bubble counter containing about 1 
ec. of water. After introduction of the mixture of substance and 
sulfur into the flask, the stopper joint was made gas-tight with 
sulfur and air was displaced from the apparatus by a stream of 
nitrogen. This stream was then discontinued and the flask was 
heated in a metal bath. The temperature was gradually raised 
until a slow, steady stream of H:S was evolved. The tem- 
perature was then maintained within 10° of this point as long as 
appreciable evolution of gas continued. The temperature and 
duration will be recorded in each case. 

Dehydrogenation of B-Amyrin Benzoate.—A mixture of 9.0 gm. 
of 8-amyrin benzoate and an equal amount of sulfur was heated 
for 4 hours at a bath temperature of 220-230°. The reaction mass 
was extracted with benzene and the excess sulfur removed by 
filtration. The benzene solution was evaporated to dryness on the 
steam bath and the resulting solid was distilled at a pressure of 
2mm. in 3 gm. portions from a 10 ce. Claisen distilling flask. 
Solidification of the distillate in the delivery tube of the distilling 
flask was prevented by inserting a copper wire through the delivery 
tube and extending this wire into the side neck of the Claisen 
flask. The temperature of the metal bath, in which the flask was 
immersed, was gradually increased until 275° was attained. At 
this point practically all of the free sulfur had distilled off. A 
cherry-colored resin distilled when the temperature of the bath was 
maintained between 300-350°. The resin was dissolved in a small 
amount of benzene and precipitated with 2 volumes of methyl 
alcohol. The precipitate was dissolved in benzene and decolorized 
with norit. When this solution was concentrated, the substance 

crystallized in the form of prisms which melted at 224-225°. The 
yield was 50 per cent. 
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la]> = +96° (c = 1.017 in pyridine). 
4.596 mg. substance: 3.610 mg. H,O, 13.424 mg. CO). 
4.648 “ “4 :ime = « 13.600 “ - 
6654 “ a : 2.755 “ BaSO,. 
C;;H,;0.8. Calculated. C 79.80, H 8.70, 8 5.75. 
Found. (a) ‘ 79.66, ‘ 8.79. 
(b) ** 79.80, “ 8.96. 
(c) S 5.68 


Molecular weight determination according to the method of 
Rast?’ gave the following results: 


29.160 mg. camphor: 3.234 mg. substance, A = 8.75. Mol. wt., cal- 
culated, 556.4; found, 570. 


The Liebermann cholesterol test gave an amber-colored solution 
which changed into a reddish brown when warmed. Attempts to 
benzoylate the substance with pyridine and benzoyl chloride 
resulted in recovery of unchanged material. When this substance 
was refluxed for 6 hours in an acetic acid solution of lead acetate, 
no evidence of the cleavage of sulfur was noted and the starting 
material was recovered unchanged. 

Saponification of the Benzoate, C37H4s0.S.—A solution of 0.5 
gm. of the above sulfur compound in 50 ce. of 10 per cent alecholic 
IXOH was refluxed for 5 hours. The product was precipitated 
from the boiling solution by addition of water. When recrystal- 
lized from alcohol it separated in the form of fine needles which 
melted at 200-201°. 


[a]’,’ = +88° (ec = 1.017 in pyridine). 
6.105 mg. substance: 5.335 mg. HO, 17.840 mg. CO. 
6.788 “ = : 5.940 “ * Biase * * 
CsopHyOS. Calculated. C 79.60, H 9.82. 
Found. (a) ‘‘ 79.70, ‘‘ 9.78. 
(b) “ 79.50, “ 9.79. 


The cholesterol test gave a cherry-red color which gave way toa 
yellowish green when the solution was warmed. 

Dehydrogenation of 8-Amyrin.—A mixture of 1.0 gm. of 8-amyrin 
and an equal amount of sulfur was heated for 3 hours at a bath 
temperature of 200-210°. The reaction mass was extracted with 


* Smith, J. H. C., and Young, W. G., J. Biol. Chem., 75, 289 (1927). 
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ether and the ether solution was concentrated to a small volume 
and then filtered into a 10 cc. Claisen distilling flask. The 
residue was distilled at 2 mm. with the bath between 300-350°. 
The cherry-colored resin obtained in this manner was taken up in 
alcohol and the solution was decolorized with charcoal. The 
substance was precipitated from a boiling hot solution by addition 
of water. When this product was recrystallized from alcohol it 
separated in the form of fine needles which melted at 200-201°. 
The yield was 35 per cent. 


[a] = +86° (ec = 1.020 in pyridine). 
4.805 mg. substance: 4.222 mg. H.O, 14.050 mg. CO». 
3.665 “ ~ cae" * eee 
7.432 “ “ : 3.885 “ BaSO,. 
CsoHyOS. Calculated. C 79.60, H 9.82, S 7.08. 
Found. (a) ‘ 79.74, ‘‘ 9.83. 
(b) ‘* 79.17, ‘* 9.90. 
(c) S 7.18. 


The cholesterol test gave a cherry-red color which on heating 
gave way to a yellowish green. No depression of melting point 
could be observed when this substance was mixed with that 
obtained by saponification of the above benzoate. The identity 
of the substances obtained was confirmed by comparison of their 
benzoates. 

A solution of 0.1 gm. of Cs39H4OS, obtained from 8-amyrin, in 
1 cc. of benzene was refluxed with an excess of pyridine and 
benzoyl chloride for 1 hour. After evaporation on the steam 
bath, the residue was recrystallized from benzene by addition of 
methyl alcohol. The substance melted at 224-225° and showed 
no depression when mixed with the previous benzoate. In all 
other properties it proved to be identical. 


[a] = +97° (c = 1.000 in pyridine). 
4.040 mg. substance: 3.210 mg. H,0, 11.820 mg. CO,. 
4.542 “ ” : 3.558 “ a | CU 
10.215 “ 9 : 3.960 “ BaSO,. 
C37H43028. Calculated. C 79.80, H 8.70, S 5.75. 
Found. (a) ‘* 79.75, ‘‘ 8.89. 
(b) ‘ 80.00, “ 8.77. 
(c) S 5.33. 
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Oxidation of the Benzoate, C3:H 02S. 


A suspension of 5 gm. of the benzoate in 500 ec. of acetic acid 
was stirred vigorously while 190 cc. of 6 per cent KMnO, solution 
was added. After stirring for 2 hours complete solution occurred. 
This solution was then diluted with 1 liter of water and the pre- 
cipitate was separated by filtration from the colloidal solution of 
MnO,. 4.5 gm. of a mixture of benzoates were obtained, which 
was found to consist principally of the esters of the ketone C395H «Os 
and the lactone C3oH,,O,. Although the separation of these sub- 
stances was accomplished directly by fractionation from ligroin, 
it was found to be more advantageous to saponify the benzoates. 
For this purpose the crude substance was refluxed in 100 cc. of 
10 per cent alcoholic KOH for 4 hours. After dilution, the result- 
ing neutral precipitate was collected. The yield was 2.45 gm. 
When the alkaline filtrate was acidified, 1.1 gm. of an acid fraction 
was obtained. From the neutral fraction the ketone and lactone 
were separated as follows. 

The Lactone, C3o0H 4s04.—Repeated recrystallizations from methyl 
alcohol of the above neutral fraction yielded homogeneous stout 
prisms which melted constantly at 299-300° with decomposition 
and were readily soluble in the usual solvents. Although this 
substance was recovered unchanged after prolonged heating at 
130° with 5 per cent alcoholic KOH, more vigorous treatment 
as given below causes saponification to the acid, thus indicating 
its lactone character. It is not affected by concentrated hydro- 
chloric acid at ordinary temperatures. The cholesterol test gave 
a reddish brown color which deepened when warmed. 


[a])) = —14° (ec = 1.010 in pyridine). 
4.540 mg. substance: 3.880 mg. H,O, 12.855 mg. CO». 
4.810 “ - :3 * * Bae * * 


C3oHO,. Calculated. C 76.90, H 9.48. 
Found. (a) ‘ 77.22, ‘‘ 9.57. 
(b) “* 76.94, ‘* 9.54. 


The Acetate of the Lactone, C3o0H404—A solution of 0.05 gm. 
of the lactone and 0.05 gm. of fused sodium acetate in 2 ec. of 
acetic anhydride was refluxed for 7 hours. At the end of this 
period the solution was diluted with water and the collected pre- 
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cipitate was recrystallized from dilute aleohol. It crystallized in 
the form of shining plates which melted at 269-271°. 


5.048 mg. substance: 4.105 mg. H,O, 13.930 mg. CO.. 


4.600 “ - : 3.670 “ - Bee * = 
CzHyO;. Caleulated. C 75.41, H 9.09. 
Found. (a) ‘* 75.26, ‘* 9.10. 


(b) “ 74.97, “ 8.93. 


The Benzoate of the Lactone, Cyof1404.—A solution of 0.05 gm. 
of the lactone in benzene was refluxed for 3 hours with an excess 
of pyridine and benzoyl chloride. The excess of reagents was 
removed by repeated evaporation with benzene. The residue after 
recrystallization from alcohol formed needles which melted at 
292-293°. 

3.917 mg. substance: 2.940 mg. H,O, 11.178 mg. COs. 

3.845 “ - : 3.005 “ .  —- = 

C3;H,4s0;. Calculated. C 77.60, H 8.47. 


Found. (a) “ 77.83, “ 8.40. 
(b) “ 77.52, “ 8.74. 


The same benzoate was obtained directly by fractionation from 
ligroin of the crude mixture resulting from the oxidation of the 
benzoate of the thio compound. After repeated recrystallization 
from aleohol it formed needles which melted at 295-297° and 
showed no depression when mixed with the above benzoate. 


3.992 mg. substance: 3.035 mg. H.O, 11.312 mg. CO.. 
4.738 “ : 3.654 “ °- Bee * 
Found. (a) 77.27, H 8.51. 
(b) ‘* 77.62, ‘* 8.63. 


The Acid, C39HgO;.—A solution of 0.1 gm. of the lactone in 6 ce. 
of 10 per cent alcoholic KOH was heated in a sealed tube at 120- 
130° for 3 hours. The diluted mixture was acidified and the 
precipitate of acid and silica was collected and dried. The 
alcoholic solution was filtered from silica. On dilution of the 
filtrate, the crystalline acid separated as prisms. After recrystal- 
lization from acetone it melted at 237-—238°. 


4.055 mg. substance: 3.480 mg. H2O, 11.030 mg. COs. 
C3oH ys. Calculated. Cc 74.01, H 9.54. 
Found. *¢ 74.30, ** 9.00. 
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For the titration 12.702 mg. of the acid were dissolved in 2 ec. 
of alcohol and titrated with 0.1 n NaOH against phenolphthalein. 
Found, 0.276 ec. Calculated for 1 equivalent, 0.261 ce. After 
refluxing with an excess of alkali no further consumption was 
noted. 

The same acid was obtained directly from the crude acid fraction 
formed on the saponification of the original oxidation mixture. 
This crude fraction on recrystallization from alcohol formed 
prisms which after being recrystallized from acetone melted at 
238-239°. 


[a]> = +96° (c = 1.030 in pyridine). 
3.912 mg. substance: 3.330 mg. H.O, 10.580 mg. COs. 
4.777 “ 9 : 4.075 “ * Gan * * 
CyoHyO;. Caleulated. C 74.01, H 9.54. 
Found. (a) “ 73.76, “ 9.53. 
(b) “* 73.78, “ 9.55. 


8.575 mg. of substance were dissolved in 2 cc. of aleohol and 
directly titrated with 0.1 Nn NaOH against phenolphthalein. 
Found, 0.200 ee. Calculated for 1 equivalent, 0.177 ce. 

The Ketone, C3oH1403.—This substance was isolated from the 
crude methyl alcoholic mother liquors obtained from the above 
lactone. After repeated recrystallization from ether it formed long 


7-0 


slender needles which melted at 274-275°. 


[a], = —127° (ec = 1.023 in pyridine). 
4.285 mg. substance: 3.998 mg. H,O, 12.455 mg. CO». 
4.700 “ 7 : 4.264 “ ° fee > * 


CsoHgOs. Calculated. C 79.30, H 10.22. 
Found. (a) ‘ 79.27, ‘ 10.43. 
(b) ** 79.32, * 10.15. 


This substance may be recovered from its solution in concen- 
trated hydrochloric acid unchanged. The cholesterol test gave a 
yellow-orange color which changed to amber when the solution was 
warmed. 

The Oxime of the Ketone, C3of¢03.—A solution of 0.1 gm. of 
the ketone in alcohol was refluxed for 5 hours with twice the cal- 
culated amounts of sodium acetate and hydroxylamine hydro- 
chloride. The solution on dilution with water gave a precipitate 
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which was recrystallized from acetone. It separated in the form 
of prisms which melted at 234-236° with decomposition. 


3.820 mg. substance: 3.385 mg. H,0, 10.740 mg. COd». 
7.557 “ : 0.220 ce. N (29°, 756.0 mm.). 
CsoH4xO3N. Calculated. C 76.69, H 10.08, N 3.00. 
Found. (a) ‘‘ 76.70, * 9.92. 
(b) N 3.27. 


The Acetate of the Ketone, C30H03.—A solution of equal 
amounts of the ketone and fused sodium acetate in acetic 
anhydride was refluxed for 7 hours. The solution was diluted 
with water and the resulting substance was recrystallized from 
alcohol by dilution with water. The melting point observed was 
231-232°. The low hydrogen figures obtained on analysis of 
this substance were not further investigated. 


4.605 mg. substance: 3.908 mg. H,O, 13.045 mg. COz. 
4.390 * sy a * oa * * 
Cy2H4s04. Caleulated. C 77.36, H 9.75. 
Found. (a) ‘ 77.25, “ 9.50. 
(b) ‘* 77.06, ‘ 9.35. 


The Benzoate of the Ketone, C3oH03.—A benzene solution of 0.2 
gm. of the ketone was refluxed for 1 hour with an excess of pyridine 
and benzoyl chloride. After evaporation, the residue was taken 
up in alcohol and precipitated with water. The benzoate separated 
as needles when recrystallized from alcohol and melted at 261-262°. 


[a], = —77° (ec = 1.003 in pyridine). 
2.920 mg. substance: 2.365 mg. H.0, 8.518 mg. CO,. 
4.625 “ ™ ——e - * Bee * 


C37H5004. Calculated. C 79.51, H 9.02. 
Found. (a) ‘* 79.56, ‘‘ 9.06. 
(b) ‘* 79.48, ‘* 8.85. 


This benzoate proved to be resistant to the oxidizing action of 
permanganate in acetic acid solution. Apparently the same 
benzoate, although not quite pure, was obtained directly from the 
mother liquor after removal of the benzoate of the lactone from the 
mixture of crude benzoates which resulted from the oxidation of the 
sulfur compound. Repeated recrystallization from alcohol finally 
yielded needles which melted at 255-257°, somewhat lower than 
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the above benzoate. When mixed no further depression of the 
melting point was observed. 


4.109 mg. substance: 3.153 mg. H.O, 11.897 mg. CO». 
4.035 “ sia : 3.200 “ * tae *- * 
Found. (a) C 78.98, H 8.59. 
(b) ‘* 78.81, * 8.88. 


Clemmensen Reduction of the Ketone, Csol03.—A solution of 
0.05 gm. of the ketone in 5 ce. of acetic acid was treated with 2gm. 
of amalgamated zine and 1 ee. of hydrochloric acid (1.19). The 
mixture was refluxed for 13 hours and then precipitated with water. 
When recrystallized from dilute alcohol, the desoxy derivative 
melted not sharply at 155-160°. It is to be doubted that the sub- 
stance was homogeneous and owing to the limited amount of 
material available it was not investigated further. 


4.252 mg. substance: 4.135 mg. H,O, 12.610 mg. CO». 
4.480“ “ :400° *“ po * « 
C3oH4sO2. Caleulated. C 81.75, H 10.98. 
Found. (a) ‘ 80.89, ‘‘ 10.88. 
(b) “ 80.77, ‘* 11.14. 


Hydrogenation of the Ketone, C3oH403.—0.2 gm. of the ketone in 
alcoholic solution was hydrogenated with 0.1 gm. of platinum 
oxide catalyst. After reduction of the catalyst the hydrogen 
absorption proceeded slowly but steadily. Since after 18 hours 
the addition of more catalyst caused no further absorption, the 
operation was discontinued. The volume of 40 cc. noted was 
approximately the equivalent of 4 mols of hydrogen. On con- 
centration after removal of the catalyst, the substance crystallized 
as needles which melted at 205-215°. This material was probably 
a mixture of isomers and after repeated recrystallization from 
alcoholit melted at 200-202°. The analytical figures approximated 
those for amyrin. 


3.700 mg. substance: 3.745 mg. H.O, 11.405 mg. CO:. 
3.845 “ " : 3.835 “ * 7 ~|«C6* 
3.9 e - : 4.000 “ “ 12.080 “ “ 
CsoHs500. Calculated. C 84.45, H 11.73. 
Found. (a) ‘* 84.07, ‘ 11.33. 
(bo) “* 83.81, “ 11.17. 
(c) ‘* 83.77, ** 11.38. 
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In a second hydrogenation experiment a similar substance was 
obtained which on repeated recrystallization from methyl alcohol 
melted not sharply from 207—226° and was apparently a mixture of 
stereoisomers. 


4.437 mg. substance: 4.425 mg. H,0, 13.620 mg. CO». 
Found. C 83.72, H 11.16. 


This substance did not react with hydroxylamine but yielded a 
benzoate. This proved to be a mixture of isomers which melted 
from 205-215°. The analytical figures, however, with several 
samples of repeatedly recrystallized benzoate gave analytical 
figures which were in consistent disagreement with the calculated 
figures for a monobenzoate of C3oHs90. The following is repre- 
sentative of these results. 


4.258 mg. substance: 3.628 mg. H.O, 12.950 mg. CO». 
Cs7H;,O2. Calculated. C 83.71, H 10.26. 
Found. ** 82.94, ‘© 9.54. 


Partial Dehydrogenation of a-Amyrin and Benzoate. 


Dehydrogenation of a-Amyrin Benzoate—A mixture of 6.0 gm. 
of a-amyrin benzoate and an equal amount of sulfur was heated 
in an atmosphere of nitrogen for 6 hours at a bath temperature of 
220-230°. Considerable carbonization occurred. The reaction 
mass was extracted with ether and the filtered solution was evapo- 
rated to dryness. When ether was again added to the residue 
complete solution did not take place. This undissolved sulfur was 
removed by filtration and the solution was again evaporated to 
dryness. This process was repeated until addition of ether pro- 
duced complete solution. The final ether-soluble product from 
this treatment was dissolved in alcohol and the solution was 
decolorized with carbon. On concentration, dehydro-a-amyrin 
benzoate crystallized in ‘the form of shining plates. The product. 
was recrystallized from alcohol and then from acetone. 0.6 gm. 
of substance was obtained which melted at 171-172°. The 
cholesterol test proved to be quite characteristic and of a different 
character from that shown by a- and §-amyrin benzoates. This 
benzoate gave a light blue color which deepened to an indigo blue 
when the solution was warmed for a short time. 
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a]lp = +304° (c = 1.023 in pyridine). 
5.237 mg. substance: 4.600 mg. H.O, 16.115 mg. CO». 
4.175 “ <4 : 3.718 “ * oe” * 
C3;H;202. Caleulated. C 84.03, H 9.92. 
Found. (a) ‘ 83.92, “ 9.83. 
(b) ** 84.10, ** 10.00. 
Dehydro-a-Amyrin Benzoate from a-Amyrin.—A mixture of 1.7 
gin. of a-amyrin and an equal amount of sulfur was heated in an at- 
mosphere of nitrogen for 5 hours at a bath temperature of 200-210°. 
The mass was extracted with ether and the sulfur removed as in the 
case of the above benzoate. It was found advantageous to convert 
this product into the benzoate for purposes of purification. Ac- 
cordingly, it was dissolved in benzene and was refluxed for 1 hour 
with benzoyl chloride and pyridine. The excess reagents were 
removed by repeated evaporation with benzene. The resulting 
syrup was taken up in alcohol and after treatment with norit 
the solution was concentrated on the steam bath until erystalliza- 
tion took place. The resulting substance was identical with the 
dehydro-a-amyrin benzoate described above. It melted at 
171-172°. 
[a] = +305° (ec = 1.007 in pyridine). 
4.902 mg. substance: 4.370 mg. H.O, 15.110 mg. CO». 
C3;H;202. Calculated. C 84.03, H 9.92. 
Found. ** 84.06, “* 9.98. 


Dehydro-a-A myrin.—The benzoate was refluxed with 10 parts 
of 10 per cent alcoholic KOH for 5 hours. The hot solution was 
diluted with water. The resulting precipitate was collected with 
water and recrystallized from hot acetone by dilution with water. 
It crystallized in the form of long, slender needles which melted 
at 162-163°. The cholesterol test gave an immediate deep 
indigo-blue in the cold. 

[a]> = +358° (c = 1.000 in pyridine). 

4.202 mg. substance: 4.278 mg. H,0, 13.085 mg. CO». 

3.977 “ ig : 3.950 “ * 2a * a 

C3oHys0. Calculated. C 84.91, H 11.32. 
Found. (a) ‘* 84.92, “ 11.39. 
(b) ‘“ 84.93, “* 11.12, 


Dehydro-a-A myrone.—A_ solution of 0.2 gm. of dehydro-a- 
amyrin in 5 ee. of acetic acid was oxidized by slow addition of an 
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acetic acid solution of 0.07 gm. of CrO;. This solution was re- 
fluxed for } hour and then diluted while hot, The resulting sub- 
stance when recrystallized from methyl alcohol separated in the 
form of plates which melted at 133-134°. The cholesterol test 
gave a light violet color which deepened when the solution was 
warmed and then gradually changed to a green. 


[a]> = +412° (c = 0.870 in pyridine). 
3.964 mg. substance: 3.860 mg. H.O, 12.310 mg. CO>. 
4.450 “ 7 :4083 “ * 13833 * * 
413 * oy : 4.138 “ *“ pRes* * 
CsoHeO. Calculated. C 85.20, H 10.73. 
Found. (a) ‘ 84.70, ‘* 10.90. 
(b) ‘* 84.78, ‘* 11.07. 
(c) ‘“* 85.39, ** 11.22. 


a-Amyrone.—For comparison a-amyrone was prepared accord- 
ing to Zinke.'® It possessed the recorded properties and melted 
at 124° after preliminary sintering. The cholesterol test gave a 
light violet color which gradually faded to a yellow when warmed. 


[a]\)) = +119° (ec = 1.007 in pyridine). 
4.558 mg. substance: 4.572 mg. H.O, 14.185 mg. CO». 
4.733 “ we : 4.833 “ + i - * 


C30H 430. Calculated. Cc 84.91, H 11.32. 
Found. (a) ‘ 84.87, ‘* 11.23. 
(b) “ 84.65, “ 11.42. 


Dehydro-a-Amyroneoxime.—A methyl alcoholic solution of 0.05 
gm. of dehydro-a-amyrone was refluxed with an excess of hy- 
droxylamine hydrochloride and sodium acetate for 2 hours. The 
oxime was precipitated from the boiling solution by the addition 
of water. When recrystallized from methyl alcohol it separated 
in the form of needles which melted at 233-235°. 


4.332 mg. substance: 4.200 mg. H,O, 13.120 mg. CO». 
2.230 “ - soi * os 6.743 “ “* 
4.728 “ 9 : 0.136 cc. N (26°, 775.9 mm.). 
CsoHyzON. Calculated. C 82.30, H 10.84, N 3.20. 
Found. (a) ‘ 82.60, “‘ 10.85. 
(b) ‘* 82.47, ‘* 10.60. 
(c) N 3.35. 





10 Zinke, A., Monatsh. Chem., 42, 439 (1924). 
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Simultaneously with the experiments on the partial dehydro- 
genation with sulfur of the amyrins,' we have also carried on anal- 
ogous studies with hederagenin derivatives. In preliminary ex- 
periments with hederagenin methy] ester a relatively small amount 
of a crystalline sulfur compound was obtained, but since much 
better results were secured with another derivative the investiga- 
tion of this substance was discontinued. With the idea that the 
free hydroxyl groups of hederagenin methyl ester contributed 
perhaps to the very poor yield of sulfur derivative, we have turned 
to another substance in which these groups have been re- 
moved. The derivative selected was the previously described 
substance C3,Hs9O2,2 which was prepared by the Clemmensen 
reduction of the ketone, C3,H,s03;. This ketone had been in turn 
obtained by oxidative degradation of hederagenin methyl ester. 
For convenience of designation we propose the name hedragonic 
methyl ester for this ketone and for its reduction product, Cz,;H5902, 
the name hedraganic methyl ester. When the latter substance 
was partially dehydrogenated with sulfur, about 50 per cent of 
a crystalline sulfur-containing derivative was obtained in which 
the methyl ester group remained intact. The formula of this 
substance suggested by the analytical figures is C3,H4O.S which 
must have been formed by the removal of 3 mols of hydrogen 
and the introduction of 1 sulfur atom. This derivative proved to 
be analogous to the sulfur compound obtained from #-amyrin 


1 Jacobs, W. A., and Fleck, E. E., J. Biol. Chem., 88, 137 (1930). 
2 Jacobs, W. A., and Gustus, E. L., J. Biol. Chem., 69, 641 (1926). 
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The sulfur atom resisted treatment with alkali and is unquestion- 
ably of eyclic character. The analogy of this substance to the 
8-amyrin derivative was further shown by its behavior on oxida- 
tion with permanganate in acetie acid solution. Here again two 
neutral sulfur-free oxidation products were formed, which were 
shown to be respectively Cs;H4O, and C3,;H yO; and were appar- 
ently analogous to the substances obtained from the 8-amyrin thio 
compound. The former proved to be a ketone since it yielded a 
monooxime. Attempts to acylate this ketone were not success- 
ful, leaving for the moment the nature of the other oxygen atom 
undetermined. The separation of this substance from the other 
oxidation products afforded considerable difficulty which probably 
accounts for the deviation from the theory of the analytical data 
obtained from it and its derivatives. The second oxidation 
product, also of neutral character, did not yield an oxime and 
could not be acylated but was shown by its behavior towards 
alkali to be in all likelihood a lactone. But in the study of the 
action of alkali on these substances it was found necessary to take 
into consideration a complicating factor in the form of the methyl 
ester group. 

In previous papers on hederagenin methyl] ester and its deriva- 
tives, the stability and resistance to saponification of this ester 
group have been reported.* In view of the observations given 
below, we have studied again the behavior towards alkali of 
hederagenin methyl ester itself and certain of its derivatives. 
Although as originally reported, the ester group of these substances 
is unusually resistant to the saponifying action of alkali, conditions 
have now been found for their saponification. This was accom- 
plished by heating the esters for 3 to 5 hours in 10 per cent alco- 
holic potassium hydroxide at 130°. It was possible then to isolate 
in each case about 50 per cent of the free acids along with un- 
changed ester. 

On turning to the study of the action of alkali on the thio com- 
pound described above, the resistant property of the methyl ester 
group was found to be retained. In contrast to this, however, the 
methyl ester groups of the two oxidation products derived from 
the sulfur compound were found to be surprizingly easily saponified. 


3 Jacobs, W. A., J. Biol. Chem., 63, 628 (1925). van der Haar, A. W., 
Rec. trav. chim. Pays-Bas, 44, 740 (1925). 
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This was quantitatively accomplished by refluxing these substances 
in dilute alcoholic alkali which was the equivalent of 0.05n. From 
each substance, C3;HyO, and Cy,HyO;, were obtained the free 
acids, C39HyO, and C3 »HyeOs, respectively. Since the sulfur 
compound itself cannot be similarly saponified, it is apparent that 
the sulfur atom must be situated in the same general vicinity in 
the molecule as the carbomethoxy] group in order that its removal! 
on oxidation with the introduction of oxygen atoms should labilize 
this ester group. This conclusion was further supported by the 
observation that the carboxyl group itself which was originally 
present in hederagenin and is now liberated again by saponifica- 
tion of the ester group displays a new kind of lability not pre- 
viously noted in hederagenin and its derivatives. On heating 
the above keto ester, C3, HyOx, with 10 per cent potassium hydrox- 
ide at 130°, a neutral substance was obtained which was found 
to possess the formula Co9HyO.. This substance owed its origin 
to the loss of CO, from the carboxyl group following its prelim- 
inary liberation by saponification from the ester group. 

The second oxidation product, C3;H.O;, which has been de- 
scribed as a lactone, exhibited a similar behavior but in this case 
the lactone group was simultaneously saponified. Therefore, 
the opening of the lactone group together with saponification of the 
methyl ester group and simultaneous loss of CO, from the car- 
boxyl group liberated in the latter case resulted in an acid sub- 
stance, CooHyO,. In the case of the keto ester and the lactone 
ester these reactions may be represented as follows: 





\co )co }co 
C:;sHg,O f NY C2sHgO > emenennnees 1 C,3HgO 5 
} COOCH, | COOH H 
co \co ) COOH 
C.3H,O —_-0 -—_"> C23HyO \ —O > C23Hy,O | OH 
| coocn, | cooH ju 


The formation of these substances, therefore, involves the loss of 
the original carboxyl group of hederagenin. 
The lability of the ester carboxyl in these oxidation products 
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suggests that the ketone C3,H4QOx, is a 8-keto ester and that in the 
ester lactone, C3,H.,0;, the lactone group is also in a 8 position to 
the methyl ester group. From these facts it may be suggested 
with reservation that in the thio compound one of the carbon atoms 
to which the sulfur atom is attached is 8 to the methyl ester group. 
On removal of the sulfur atom by oxidation, this carbon atom now 
becomes carbonyl in the case of keto ester and a lactone carbon 
in the case of the second oxidation product. Although it is pos- 
sible to suggest explanations of the formation of such oxidation 
products from an assumed polycyclic thiophene derivative, we do 
not feel that this is justified until more data have been obtained. 

The formation of the sulfur compounds and their behavior on 
oxidation in both 8-amyrin and hedraganic methy] ester present 
exactly analogous pictures which very strongly suggest that identi- 
cal structures are involved in each case. A study of this reaction 
is being extended to include other sapogenins, triterpene alcohols, 
ete 


EXPERIMENTAL. 


Dehydrogenation of Hedraganic Methyl Ester —A mixture of 5 
gm. of hedraganic methy] ester? and an equal amount of sulfur was 
heated in an atmosphere of nitrogen for 5 hours, at a temperature 
of 210-220°. The reaction mass was extracted with ether and the 
filtered solution was evaporated to dryness. The resulting solid 
was distilled at 3 mm. from a 10 ce. Claisen distilling flask. The 
temperature of the metal bath, in which the flask was immersed, 
was gradually increased until a temperature of 275° was attained. 
At this point practically all of the free sulfur had distilled. A 
cherry-colored resin distilled when the temperature of the bath was 
maintained between 300-350°. A solution of this resin in 10 ce 
of hot acetone gradually crystallized. The collected substance 
was then recrystallized from acetone and finally from alcohol 
It separated in the form of colorless prisms which melted at 137- 
138°. In pyridine solution no appreciable optical activity could 
be noted. 

For analysis the substance was recrystallized four times from 
acetone. Following this, in order to confirm the analytical data 
the substance was again recrystallized four times from acetone. 
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(a) 5.880 mg. substance*: 4.700 mg. H.O, 16.665 mg. CO,. 


(b) 4.668 “ 3937 “ “ 13.960 “ 
(c) 4.508 “ “ +:3740 “ « J2810 « « 
(d) 5.220 “ - 7: 4.210 “ “ 14.810 “ - 
(e) 7.425 “ ” : 3.460 mg. BaSO,. 
C3,H4y0.8. Calculated. C 77.45, H 9.16, S 6.67. 
C3oH420.8. " “ 77.20, ‘‘ 9.08, “‘ 6.86. 


Found. (a) ‘ 77.30, ‘ 8.95. 
(b) ‘“* 77.46, “* 9.19. 
(c) ** 77.50, “ 0.28. 
(d) ‘“ 77.38, ‘* 9.03. 
(e) S 6.48. 


* Recrystallized four times. 
t Recrystallized eight times. 


Titration showed no free acidity. In an experiment in which 
the substance was refluxed for 5 hours with 1 per cent alcoholic 
KOH, 50 per cent of recrystallized starting material was recovered 
and only an inappreciable amount of acid product was obtained. 
The methyl ester group, as in the starting material, is thus seen to 
be difficult to saponify. The cholesterol test gave an orange solu- 
tion which changed to a deep red when warmed. A molecular 
weight determination according to the method of Rast gave the 
following result: 


14.587 mg. camphor: 2.242 mg. substance, A = 14.5°. Mol. wt., caleu- 
lated, 476.4; found, 450. 


Oxidation of the Thio Compound. 


The Lactone Ester, C3,f14403.—A solution of 3 gm. of the above 
sulfur compound in 300 ce. of acetic acid was stirred while 125 cc. 
of 6 per cent KMnQ, solution were added. After stirring for 1 
hour, the solution was diluted with 3 volumes of water. The 
white precipitate which separated was removed from the colloidal 
solution of MnO, by filtration. Final traces of MnO, were elim- 
inated by dissolving the precipitate in alcohol and filtering the 
solution. The alcoholic filtrate was evaporated to dryness and 
the residue was dissolved in ligroin (80-90°). This solution was 
then concentrated on a steam bath to a volume of 300 cc. The 
cooled solution deposited long, needle-shaped crystals. When 
this product was recrystallized from acetone it melted at 274— 
275°. The cholesterol test gave a yellow color which deepened 
to an amber when the solution was warmed. 











158 Saponins. V 


fa} = —16° (ec = 1.017 in pyridine). 
5.130 mg. substance: 4.022 mg. H.,O, 14.070 mg. CO. 


4.262 “ * 308 * “nee* « 
5.490 “ ” : 2.692 “ Agl. 
CyHyO;. Calculated. C 74.96, H 8.92, OCH; 6.25. 
CsoH 420s. “ “74.70, “8.72, “ 6.44. 


Found. (a) ‘ 74.80, ‘* 8.77. 
(b) “ 74.52, “ 8.92. 
(c) OCH; 6.47. 


Contrary to the original thio compound and hederagenin methy! 
ester, the ester group of this oxidation product is easily saponified 
by dilute alkali as follows: 

Saponification of the Methyl Ester Group of the Lactone Ester, 
C3,;Hy4O;.—15.372 mg. of substance were dissolved in 4 ee. of 
alcohol. The solution showed no free acidity. 3.203 ec. of 0.1 N 
NaOH were added and the mixture was refluxed in an atmosphere 
of nitrogen for 4 hours, and then titrated back. Found, 0.239 ce. 
Calculated for 1 equivalent, 0.262 ce. 

The solution on acidification with acetic acid and concentration 
yielded the crystalline lactone acid. When this product was re- 
crystallized from diluted acetone, it separated in the form of plates 
which melted at 255-256° with decomposition. 





4.370 mg. substance: 3.380 mg. H,O, 11.900 mg. COQ». 
CsoHw20;. Calculated. C 74.62, H 8.79. 
CogH 4005. = ** 74.31, “‘ 8.60. 
Found. ‘* 74.27, ‘* 8.65. 


Cleavage of the Lactone Ester, C3,H 03, with Strong Alkali.—A 
solution of 0.2 gm. of the lactone ester in 15 ec. of 10 per cent alco- 
holie KOH was heated in a sealed tube at 130—-140° for 4 hours 
The solution was diluted with 3 volumes of water and the small 
amount of precipitate which separated was filtered off. The 
filtrate was acidified and the acid product which precipitated was 
collected with water. When recrystallized from acetone it sepa- 
rated in the form of hexagonal plates which melted at 209-210°. 


4.900 mg. substance: 4.265 mg. H,O, 13.585 mg. CO:. 


3.660 “ “« 33.070 “ “ 101890 “ « 
CisHyOs. Calculated. C 76.25, H 9.73. 
CrsH Os. «“ “ 75.95, “ 9.58. 


Found. (a) ‘ 75.61, “ 9.74. 
(b) ‘ 75.86, “ 9.39. 
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10.355 mg. substance were dissolved in 4 ec. of aleohol and di- 
rectly titrated with 0.1 N NaOH against phenolphthalein. Found, 
0.250 ce. Calculated for 1 equivalent, 0.227 ce. 

In attempts to prepare a benzoate and an oxime of the lactone 
ester it was recovered unchanged. 

The Keto Ester, C3,H eO,.—This product of the oxidation of the 
thio compound was obtained from the ligroin mother liquor of the 
first crystallization of the above lactone ester. When this solu- 
tion was concentrated to about 25 ce. long, fibrous needles sepa- 
rated on cooling. Purification of this substance was accomplished 
by repeated fractionation from ether, in which the lactone ester 
is much less soluble This separation proved to be very diffi- 
cult and it is possible that the substance was still not homoge- 
neous. This may account in part for the rather unsatisfactory 
analytical figures obtained with this and its succeeding derivatives. 
Final purification was attempted by dissolving the substance in 
ether and inducing crystallization by the addition of petrolic 
ether. The silky needles obtained melted at 202-204°. 


[aJ> = —184° (c = 1.027 in pyridine). 
5.420 mg. substance: 4.385 mg. H,O, 15.240 mg. CO». 


420“ “ ;340 “ “ 1205“ « 

5.160 “ “ 32.505 “ Agl. 
C3 HaO,. Calculated. Cc 77.11, H 9.62, OCH; 6.44. 
CsoH Oy. ™ “ 76.85, “9.41, “ 6.63. 


Found. (a) ‘ 76.69, “ 9.05. 
(b) ‘* 76.83, “ 9.06. 
(c) OCH; 6.41. 


In an attempt to benzoylate the keto ester it was recovered un- 
changed. 

The Oxime of the Keto Ester, C3;H gO .—A mixture of 0.1 gm. of 
the keto ester and hydroxylamine in absolute alcoholic solution 
was heated in a sealed tube at a temperature of 110-120° for 10 
hours. The alcoholic solution was then concentrated and the 
oxime was allowed to crystallize. Repeated recrystallizations 
from alcohol gave a substance which melted at 236-237° with 
decomposition. 
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4.730 mg. substance: 3.940 mg. H2O, 13.045 mg. CQ). 


4, 000 “ “ : : 3. 200 “ “ 1l. 045 “ “ 
7.450 “ “a : 0.196 ce. N (26°, 761.5 mm.). 
4.903 “ - : 2.560 mg. AgI. 
Cs Hy;O.N. Calculated. C 74.79, H 9.54, N 2.82, OCH; 6.23. 
CyoHgsOwN. 93 “* 74.47, “ 9.39, “* 2.89, “ 6.41. 
Found. (a) “ 75. 22, ** 9.32. 
(b) ‘* 75.28, “* 8.95. 
(c) N 3.00. 
(d) OCH; 6.89. 


Saponification of the Methyl Ester Group of the Keto Ester, 
C3,H04.—10.867 mg. of substance were dissolved in 4 ec. of alco- 
hol. The solution showed no free acidity. 3.222 ec. of 0.1 N 
NaOH were added and the solution was refluxed in an atmosphere 
of nitrogen for 4 hours and then titrated back. Found, 0.252 ce. 
Calculated for 1 equivalent, 0.242 ce. 

When the solution was acidified with acetic acid and then con- 
centrated, crystallization occurred. When this product was re- 
crystallized from dilute acetone it separated in the form of fine 
needles which melted at 184-185°with decomposition. 


3.987 mg. substance: 3.270 mg. HO, 11.222 mg. CO.. 


3.955 “ = :3.1 * * ia * 
CooHuOu. Calculated. Cc 76.85, H 9.41. 
C2gH 20y. ws ** 76.60, ‘‘ 9.32. 


Found. (a) ‘‘ 76.76, ‘‘ 9.18. 
(b) “ 77.00, “ 8.80. 

Cleavage of the Keto Ester, C3H 40s, with Strong Alkali.—A solu- 
tion of 0.2 gm. of the ketone in 15 ee. of 10 per cent alcoholic 
potassium hydroxide solution was heated in a sealed tube at 130- 
140° for 33 hours. The solution was diluted with 3 volumes of 
water and the precipitate was collected with water. The dried 
material was extracted with a small amount of petroleum ether 
in order to remove a small amount of non-crystalline by-product. 
When the residue was recrystallized from ether it separated in 
the form of needles which melted at 262-264° and proved to be 
neutral. 

4.100 mg. substance: 3.660 mg. H,O, 12.415 mg. COQ. 


3.595 * ” | “ pee * ” 
C2ogHwO2. Caleulated. C 82.41, H 10.03. 
C2sHyoOr. ” ‘* $2.35, “‘ 9.88. 


Found. (a) “ 82.61, “ 9.99. 
(b) ‘* 82.69, “‘ 9.87. 
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Saponification of Hederagenin Methyl Ester —A solution of 0.2 
gm. of the ester in 10 ec. of 10 per cent alcoholic KOH was heated 
in a sealed tube at 120-130° for 5 hours. Dilution with 3 volumes 
of water gave a precipitate which was collected and dried. The 
dried material was extracted with ether, leaving the insoluble 
potassium salt of hederagenin. The latter was obtained by 
liberation with acid and recrystallization from alcohol. The re- 
sulting substance agreed in all properties with hederagenin. 


4.050 mg. substance: 3.800 mg. H:O, 11.358 mg. CO:. 
Cy H500.. Calculated. C 76.48, H 10.36. 
Found. ** 76.49, “ 10.50. 


The ether extract of the above potassium salt yielded 60 mg. of 
residue which after recrystallization was shown to be unchanged 
starting material. 

Saponificaiion of Hedraganic Methyl Ester.—A solution of 0.1 gm. 
of the methyl ester in 10 ce. of 10 per cent alcoholic KOH was 
heated at 120-130° for 3 hours. The solution was then diluted 
with 3 volumes of water and the precipitate was collected with 
water. The dried precipitate was extracted with dry ether. The 
insoluble residue of potassium salt was suspended in ether and 
shaken with dilute HCl. When complete solution had occurred 
due to the liberation of the free acid, the ether solution was washed 
repeatedly with water and then concentrated. The residue was 
recrystallized from acetone by the addition of water. Hedraganic 
acid formed needles which melted at 242—243°. 


2.540 mg. substance: 2.440 mg. H,O, 7.637 mg. CO. 
CsoH,302. Calculated. C 81.75, H 10.99. 
Found. ** 82.00, ‘* 10.72. 

The above ether extract of the potassium salt on evaporation 
gave a neutral residue which was recrystallized from acetone. 
This fraction was identified by melting point and mixed melting 
point as starting material. 
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Most of the reports of investigations on the subject of the 
relation of fat to calcium retention deal with animal experiments 
(1-3) or are studies on infants or small children (4-9). The 
results reported by these investigators are often conflicting. The 
literature reported upon the subject of the relation of fat per se 
to calcium retention in adult human subjects is limited, although a 
few investigators (10, 11) suggest that there may be some relation- 
ship between fat and calcium retention. Stewart and Percival 
(12) have summed up the situation in the following statement: 
“Tt has often been stated that the absorption of calcium is greatly 
aided by the addition of fat to the diet, and equally often it has 
been denied that fat has any such effect.” 

The object of this study was to secure data upon the calcium 
retention of women on a diet relatively high in fat and also on a 
diet low in fat. 


EXPERIMENTAL. 


The diet given in Table I was planned to contain either a 
relatively high or a very low amount of fat, to furnish from 0.45 to 
0.50 gm. of calcium daily which is an amount close to the estimated 
minimum requirement at which calcium equilibrium might be 
expected (13), to eliminate as far as possible any vitamin problem, 
and to meet the protein and energy requirements of the two 
healthy young women who were the subjects of the experiment. 

Raw rather than pasteurized milk (14, 15), centrifuged under 
the supervision of the Department of Dairy Husbandry, furnished 
94 per cent of the calcium of the diet. The daily allowance of 
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milk, 300 gm., was determined by preliminary calcium analyses 
of the milk of the Jersey cow which furnished the milk for the 
experiment. 

The average daily intake of calcium for each subject was 9.6 mg. 
per kilo of body weight. This amount was sufficient for calcium 


TABLE I. 
Daily Food Intake. 
































Apples, cored 


High fat diet. | Low fat diet. 
3 | Calcium | Fat. 3 | Calcium | Fat 
3 |  ) Reel Pee 
ee (a i¥ieta@ials 
_ Bree] 2 | 2 jee |e |e |e 
| om.| gm. gm. | gm gm gm.| gm gm gm gm 
Milk, centri- | | | | | 
SS ears 3000.462:0.441| 0.30 0.27 |3000.4590.4590.09 0.18 
I er ‘100.00 |100.00 | | | 
Corn-starch.... -| 50/0. 0010. 001 60/0 .001/0 .001 
Sugar, cane.. 115 330) 
| | 


but unpared. . .|400/0. — 019| 2.00* 


Beef, lean, free | | 


| 2.00*/400'0.018'0.0182.00* 2.00* 
| 
from visible | | | 
| 
| 


| 
| 

















| | 
| 
fat... |150(0.0130.013, 3.32 | 3.32 |1500.0070.00733.74 3.74 
Sodium chloride, | | | | 
A | eer ae 5) | 5) 
RS nme: Os ee aa See ao 
| | 
ce ocekees 0.4950. 474 105.62 105. 59 0. 4850. 4855. 83 |5.92 





* Rose, M. S., Laboratory handbook for dietetics, 3rd edition, New York 
(1929). 

{ Calcium content of the NaCl, c.p., was determined and found to be 
0.00002 gm. per 5 gm. 


equilibrium for women subjects as indicated by the work of other 
investigators (16, 17). The average daily fat intake on the high 
fat diet was 105.6 gm. per subject and on the low fat diet only 
5.8 gm. 


Procedure. 


The diet. was eaten for a period of 18 consecutive days during the 
late winter. The 18 days were divided into two periods of 9 days 
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each, one for the high fat and the other for the low fat diet. Each 
9 day period consisted of a 3 day preliminary period followed 
by two 3 day experimental periods. During the preliminary 
period the same weighed amounts and kinds of food were eaten as 
those of the experimental diet. The calcium intake for both the 
high fat and the low fat diet was practically the same, averaging 
0.484 and 0.485 gm. respectively. The subjects worked indoors 
during this study and were not exposed to direct sunlight. They 
performed all chemical analyses in the Nutrition Laboratory and 
also prepared the food of the diet. 

A composite sample of the centrifuged milk for every 3 days was 
used for analysis for calcium and fat. The food and feces were 
ashed (18) in an electric muffle furnace at 400-450°. Calcium was 
determined in all of the foods except cane-sugar and lard. 

Urine and feces of the 3 day preliminary period were not col- 
lected. The first collection of the excreta was made on the Ist 
day of the experimental period. 


Method of Analysis. 


Calcium of food, feces, and urine was determined by MeCrud- 
den’s method (19) with the pH value adjusted according to Shohl 
and Pedley (20). The recommendations of Halverson and 
Bergeim (21) were followed in regard to the amount of ammonium 
oxalate used and in the preparation and standardization of the 
0.01 n and 0.05 n KMnQ, solutions. Determinations of calcium 
and fat were made at least in duplicate and most of them in 
triplicate. 

The fat content of the centrifuged milk was determined by the 
Babcock method (22) and the fat of the beef by means of the 
Soxhlet fat extraction apparatus (23). 


DISCUSSION AND RESULTS. 


The subjects in this study were nutrition students who had 
lived on an adequate diet previous to this study. They were well 
within the correct range of weight for their height and lived healthy 
active lives. 

The average daily calcium intake and output for the subjects for 
both the high and low fat diets are given in Table II. 

On the high fat diet the calcium balance for both subjects shifted 
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from positive to negative, or vice versa. Subject R. J. showed a 
positive calcium balance at the end of the first 3 day period and a 
negative one at the end of the following 3 day period. Subject 
M. J. on the same diet showed the same result but the order was 
reversed, as indicated in Table IT. 

On the low fat diet Subject R. J. showed a negative calcium 
balance for the two 3 day periods, with a tendency toward equilib- 


TABLE II. 
Calcium Balance (Average Daily) for High and Low Fat Diets. 






































| lCalcium intake.| Calcium output. 
| eas | } ; ' | Rehnge 
Subject. i his | ho | 7 ; | | Balance. "body 
| otal. | jody | Urine. | Feces. | Total. weight. 
| weight. | | 
High fat diet. 
7 gm. mg. | gm. gm. gm. | gm. mg. 
R. J., weight | I | 0.495) 9.8 | 0.113) 0.335 0.448) +-0.047 +0.9 
50.6 kilos. | II | 0.474) 9.4 | 0.111) 0.463) 0.574|—0.100 —1.9 
M. J., weight | I | 0.495 9.8 | 0.116) 0.421| 0.537/—0.042) —0.8 
| | | 
50.3 kilos. | Ir | 0.474 9.4 | 0.128) 0.295) 0.423,+0.051) +1.0 
| 
Average.............-..| 0.484! 9.6 | | | 
Low fat diet. 
R. J. I | 0.485, 9.6 | 0.105! 0.532! 0.637|—0.152) —3.0 
II | 0.485) 9.6 0.125, 0.419} 0.544;—0.059) —1.2 
M. J. I | 0.485) 9.6 0.154) 0.339) 0.493)—0.008) —0.2 
| II | 0.485) 9.6 0.157; 0.281; 0.438/+0.047; +0.9 
— —s | 
Average.............++.| 0.485) 9.6 | | 











rium during the second 3 day period. Subject M. J. changed 
from a very slightly negative balance to a positive balance. 

As the subjects shifted from a positive to a negative calcium 
balance or vice versa within two 3 day periods it would seem that 
fat per se cannot be said to have exercised a definite influence upon 
the calcium retention of the two subjects of this study. 
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The problem as to the condition in which calcium exists in the 
blood plasma has received considerable attention but it is exceed- 
ingly difficult to arrive at a definite conclusion from the published 
accounts. Efforts to determine the calcium ion concentration by 
the potentiometric method have so far not been successful, but it 
is estimated that about 2.5 mg. per cent of calcium is in the ionized 
state. The situation is not much more encouraging when we con- 
sider the diffusible and non-diffusible fractions of the serum or 
plasma calcium, because the results of different investigators are 
so much at variance and the methods of fractionating the calcium, 
namely compensation dialysis and ultrafiltration, are not above | 
criticism from a theoretical point of view. 

Cameron and Moorhouse (4) in a recent study proceed on the 
assumption that the cerebrospinal fluid calcium represents the 
true diffusible calcium of the blood plasma. Fremont-Smith(10) 
points out that neither the dialysis nor the secretion hypothesis of 
cerebrospinal fluid formation can be accepted unqualifiedly, 
though the evidence as a whole seems to be in favor of the assump- 
tion that the process is one of dialysis. Walter (24) expresses a 
similar view in his recent monograph. It is questionable, how- 
ever, if the facts fully justify the idea of a “simple membrane 
equilibrium existing between plasma and cerebrospinal fluid,”’ as 
is maintained by Mestrezat (14), Pincus and Kramer (19), ete. 


* The experimental results of this paper are taken from the thesis sub- 
mitted by the junior author in partial fulfilment of the requirements for the 
Degree of Master of Arts in Biochemistry. 
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Updegraff, Greenberg, and Clark (23) also point out certain 
difficulties in applying the Donnan membrane equilibrium to the 
plasma-cerebrospinal fluid system. 

Osnato, Killian, Garcia, and Mattice (18) in summarizing the 
work done by means of ultrafiltration and of compensation dialysis 
give values for the diffusible fraction of the plasma calcium which 
cover a range of 39 to 75 per cent of the total. These values are 
not only very variable but also considerably higher than those 
obtained from the cerebrospinal fluid. The results obtained from 
the study of cerebrospinal fluid calcium, on the contrary, are 
marked for their small variability. In a number of dispensary 
patients we found that the ratio of cerebrospinal fluid calcium 
(4.8 to 5.0 mg. per cent) to total serum calcium varied from 
46 to 51 per cent, with an average of 48.6 per cent.' Barrio (2) 
in syphilitic patients found that the cerebrospinal fluid calcium 
was 45 to 57 per cent of the serum calcium; Cantarow (5) in a 
large number of normal individuals also found the ratio to vary 
between 45 and 55 percent. In twenty-two normal dogs we deter- 
mined simultaneously the calcium of the serum and cerebrospinal 
fluid, the latter ranging within the narrow limits of 5.2 to 5.9 
mg. per cent. In 80 per cent of our analyses the ratio between 
cerebrospinal fluid and serum calcium was 46.3 to 53.2 per cent 
(average 50.0 per cent). Our results are somewhat lower than 
those reported by Cameron and Moorhouse (4) who found 4.8 to 
6.3 mg. per cent of calcium in the cerebrospinal fluid of normal 
dogs with an average ratio of 53 per cent of the total plasma 
calcium. 


Experimental Changes in Cerebrospinal Fluid Calcium. 


Assuming that the cerebrospinal fluid calcium represents a 
dialyzate from the blood plasma, we attempted to study the 
variation in its caleium level with changing concentrations in the 
blood ealcium. 


A. Ingestion of Calcium Salts. 
Several attempts have been made to increase the serum calcium 
content of normal subjects by means of oral administration of 


1 All calcium determinations were made according to the procedure of 
Clark and Collip (6). 
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calcium salts, but the results are rather inconstant. Some investi- 
gators report that they have not been able by this method to pro- 
duce any increase in the serum calcium of either man or certain 
of the laboratory animals; some have produced a slight temporary 
rise, while others have reported a very marked temporary in- 
crease. Denis and Minot (8) report that in most cases it is im- 
possible to increase the serum calcium by the ingestion of calcium 
salts. Howland and Kramer (12) working with rats and Clark 
with rabbits obtained similar results. In these experiments, how- 
ever, the blood was not studied at very short intervals following 
the calcium administration, and the calcium salts were in some 
cases given with the regular diet. Bauer and Ropes (3) adminis- 
tered calcium lactate in 5 to 10 gm. doses to normal subjects 12 
hours after the last meal, and observed a maximum rise of 28 per 
cent between the 1st and 5th hour, and in some instances this 
elevation was maintained for 12 hours. Kahn and Roe (13), on 
the other hand, observed very large increases in the normal 
fasting subjects. In one of their studies they report that a 20 
gm. dose caused an 81 per cent increase in the serum calcium 
within 4 to 5 hours; 5 gm. gave a rise of 80 per cent in 6 or 7 
hours and 2 gm., 41 per cent increase within 6 hours. In another 
investigation they observed a rise of 108 per cent after 5 gm. of 
calcium lactate were administered. 

We fed Dog 24 excessive amounts of calcium lactate and calcium 
chloride in his food for several days, but the serum calcium did not 
show any increase. In the case of Dog 27, 5 gm. of calcium 
lactate were administered by stomach tube following a 24 hour 
fast, and within 3 hours the serum calcium had increased 12 per 
cent and was still maintained at this level after 6 hours. Dog 26 
also received 5 gm. of calcium lactate and showed an increase in 
the serum calcium of 18 per cent after 2 hours and 11 per cent 
after6 hours. It is important, however, to note that although the 
findings are variable as to the magnitude of the rise, the increase 
in the serum calcium when produced by the ingestion of calcium 
salts is only of short duration and usually there is a return to the 
normal level within 12 to 15 hours. 

In no instance did we observe any appreciable alteration in the 
cerebrospinal fluid caleium corresponding to the change in serum 
calcium. This is more obvious in the experiments where the 
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TABLE I. 
Administration of Parathyroid Hormone and Calcium Salts. 
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injected in 4 doses at 3 hr. 
| | intervais. 


29 | '58.0/14.113. 7/8.98 
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Apr. 5 (64.8/12.5/11.9/8.1)8. 15. 9 47.1| Preceding evening 5 ce. 
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May 3 47. 811. 0110. 5, 5.51 50.4) Normal. 
“7 52.017.3/15.9|9.7 \8.7 6.1| 35.2) Food for previous 4 days con- 


tained much CaCl, and 
lactate. Preceding day 2 
injections of 5 cc. each of 
. paroidin about 5 hrs. apart. 
5| “ 3 42.510.5) 9. 7] | s. 2 49.4) Normal. 
| “7 /48.715.514.67. 77. 66. 3 40 .5| Food for previous 4 days con- 
; | | | tained much CaCl, and 
; | | lactate. Preceding day 2 
| injections of 5 cc. each of 
paroidin about 5 hrs. apart. 





| | 





a4} “ 11 54.3110. 6 9. 8 5.7) 54.2} Normal. 
| = 49. 110. 6 9.9 5.5) 52.0 About 60 gm. of equal parts 
| CaCl, and lactate given 
| | with food during preceding 
| | 6 days. 
| 91 |43.5)16.0/15.0) 6.3) 39.6, During 2 days preceding 
| | | 13 ce. paroidin adminis- 
| tered in 3 injections, and 
10 gm. CaCl; by stomach 
| tube. 
: oo ae 14.0) | | 6.0} 42.9) 
| « 23] 0 | | [6.7] 51.6 

23, “ 2) 51.3)11. 7)10. 6) '5.7| 49.0) Normal. 

“« 5 |49. 8 16. 616. . 6s. i 5) 39.4 Previous 3 days total of 25 





gm. CaCl. and lactate 
given in food. Day pre- 
vious 7 cc. parathormone 
| | in 3 injections. 


* C.S.F.Ca indicates cerebrospinal fluid calcium. 
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TABLE I—Concluded. 
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26 May 24 11.8) | 5.9) | Normal. 
14.1 | | 5 gm. Ca lactate by stomach 
113.0 ; | | | tube; blood samples for 
13.1 5.8 44.2 analysis at 2 hr. intervals. 
a7| “ 27] |10.5) | 5.3) 
/12.0) | . 4 | 5 gm. Ca lactate by stomach 
12.0) 5.6 46.6 tube; blood sample at 3 hr. 


| | . £ oe eo | intervals. 





feeding of calcium salts was reinforced with subcutaneous injec- 
tions of parathyroid hormone. In this case, of course, we secured 
considerable rises in the serum calcium (16 to 17 mg. per cent) 
but the cerebrospinal fluid calcium under these conditions increased 
only slightly above its normal range so that the ratio of cerebro- 
spinal fluid caleium to serum calcium fell considerably below the 
normal range of its variation. Dog 24 presents an interesting 
condition. Under forced feeding of calcium salts there was no 
alteration either in the cerebrospinal fluid or serum calcium, but 
following injections of paroidin while the calcium salts were 
administered the serum calcium was built up to a level of 16 mg. 
per cent. The cerebrospinal fluid Ca in the meantime increased 
to 6.3 mg. per cent so that the ratio diminished to only about 40 
per cent. We followed the changes in serum and cerebrospinal 
fluid calcium in this dog for 3 days, and found that the serum 
calcium was diminishing relatively more rapidly than the cere- 
brospinal fluid calcium so that the ratio gradually increased, reach- 
ing the normal value at the end of the 3rd day (51.6 per cent). 
(See Table I.) 


B. Effect of Bile. 


Emerson (9) studied the calcium of blood and tissues in jaund- 
iced dogs and dogs with bile fistula, and reported a marked 
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decrease in the serum calcium, the whole blood calcium, and a very 
marked decrease in the diffusible calcium in dogs jaundiced over a 
period of 40 days. In one animal the decrease in serum calcium 
amounted to 22 per cent at the end of 31 days and in another 
a 28 per cent decrease was observed. According to his findings, 
by the use of the method of ultrafiltration, the diffusible calcium in 
one case fell as low as 0.8 mg. per cent. In the dogs with bile 
fistula the changes were quite the reverse. Over a period of 79 
days there was a marked increase in the calcium of the serum and 
whole blood and a very marked rise in the diffusible calcium up to 
8.6 mg. per cent. 

In our studies we ligated and sectioned the common bile ducts 
of two dogs and determined the blood serum calcium at intervals 
following the operation. In our experiments, though a definite 
jaundiced condition developed, the serum calcium concentration 
did not undergo any striking reduction. In Dog 32 there was a 
10 per cent decrease after 33 days and in Dog 33 the normal level 
was still maintained 33 days after the operation. The cerebro- 
spinal fluid calcium remained unchanged. Our results are fully 
corroborated by the recent findings of Snell and Greene (22) who 
likewise find no disturbance in serum calcium in conditions of 
clinical or experimental (dog) jaundice. 


C. Parathyroidectomy. 


Following complete extirpation of the parathyroid glands we 
invariably observed a marked decrease in the serum calcium, the 
concentration falling in one instance below 5 mg. per cent. These 
findings are in accord with the observations of numerous other 
investigators. There does not seem to be any definite level of 
serum calcium at which tetany develops, although in the literature 
references may be seen to the “tetany level.” In our experience 
the symptoms may appear when the calcium is over 8 mg. per cent, 
and Cameron and Moorhouse (4) in their paper report a case of 
severe tetany with a serum calcium of 8.7 mg. per cent. On the 
other hand, one of our animals, Dog 5, had a severe attack 13 
days after operation, when the calcium was 5.3 mg. per cent. 
The animal was kept symptom-free for several days by injections 
of parathyroid extract. The treatment was then discontinued 
and it lived for 24 days showing only very slight and transient 
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symptoms although 3 weeks after the last injection of the extract 
the serum calcium was only 3.5 mg. per cent. 

In a number of thyroparathyroidectomized dogs, we studied 
simultaneously the calcium of serum, citrated plasma, and whole 
blood and noted also the relative cell volume. The differences 
between the serum calcium and the plasma calcium in nine 
parathyroidectomized dogs were very slight and in a total of 
thirteen analyses they ranged from 0 to 0.8 mg. per cent. We 
observed about the same deviation in the normal dog and, there- 
fore, may conclude from our findings that following parathyroidec- 
tomy, the plasma and serum undergo the same change in calcium 
content. The plasma calcium is invariably somewhat lower than 
the serum calcium and this is due to the use of the anticoagulant 
which causes shrinkage of the cells with resulting dilution of the 
plasma. It is possible by varying the concentration of the anti- 
coagulant (lithium citrate) to obtain variable results for the 
plasma volume per cent as well as for the plasma calcium concen- 
tration, the former increasing and the latter diminishing. The 
decrease in calcium is, however, directly proportional to the 
concentration of the anticoagulant. From experimental studies 
on the effect of this factor we know that our plasma values should 
be about 5 to 6 per cent lower than the serum values, and if such a 
correction is made the two become practically the same. These 
observations, however, are quite contradictory to the findings of 
Cameron and Moorhouse (4), who state that in acute parathyroid 
tetany they found the blood plasma to contain 3 or 4 mg. per cent 
more calcium than did the serum, which we cannot help but feel 
is entirely erroneous. 

The study of cerebrospinal fluid calcium in the parathyroidecto- 
mized dogs reveals some interesting facts. In all our deter- 
minations we find that the cerebrospinal fluid calcium does not 
remain stationary but as the serum calcium diminishes it also 
invariably falls though not to the same extent, so that the ratio of 
cerebrospinal fluid calcium to the serum calcium increases far 
beyond its normal range. In no instance, however, did we observe 
the condition where the two became actually the same. In other 
words, we never obtained a ratio of practically 100 per cent, as 
Cameron and Moorhouse report, the highest ratio in our experi- 
ence being 93.5 per cent (Table II). No matter how low the 
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TABLE II. 
Parathyroidectomy. 
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| Severe tetany, 


| Severe tetany, 4 days 
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5.4) 50.7 
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93.5) 
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3 days after 
operation. 

Normal. 

after 
operation. 

Normal. 

Severe tetany, 1 day 
operation; dead. 

Normal. 


after 


tetany, 2 
after operation. 

Normal. 

Severe tetany, 5 days 
operation. 

Mild tetany. 

Normal. 

No marked symptoms of 
tetany, 4 days after opera- 
tion. 

Severe tetany, 
operation. 

Normal. 

Severe tetany, 13 days after 
operation. 

Mild attack of tetany. Next 
3 days total of 6 cc. para- 
thormone injected in num- 
ber of small doses. 

No symptoms of tetany. 


days 


after 


5 days after 


Normal. 


| Severe tetany, 2 days after 


operation. 





* C.S.F.Ca indicates cerebrospinal fluid calcium. 
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TABLE I1—Concluded. 














| Ca per 100 ce. | s 
o |—— ~ - 
ei | | |. ja] * 
= | } 44)-5 ele | 
r 4 ; Szle. gis | Remarks. 
Z . z i g 2 i) is SEE! g | 
= 4) 2 | 4 | 8 \8eEe| we 
A | a | | @ a |e (6 \od| 
a. Fee 
1928 ae g. | mg. | mg.) mg.| mg.) 


20 Apr. 24 70.7 5.0 5. 04. 23. 64. 6 93. 0 Tetany controlled with small 
doses of parathormone; 
| | | last injection 3 days pre- 
| | | viously, Apr. 21. 
| 3.5 ec. parathormone in 3 
| injections, also CaCl, solu- 
tion by stomach tube. 
Normal. 
5 days after operation. Pre 
vious day a mild attack of 
tetany. 
5. 0 45.8) Severe attack of tetany day 
| | | | before. Injected 6 cc. para- 
thormone in 4 doses, also 
a a ae 750 ec. milk by stomach 
| 
| 


“ 95 |71.7|10. 2/10. 07 .3|7.3 


| 
| 
51.7 
92.3 


to 
or 





May 14/50. 210. 9/10. 3) 


“49 52.1] 5.7) 5.5) 


| 
| 
| 
| 
| |s.2i 


“ 92 /58.2:11.0| 9.9 





tube. 


' 2 
5.4) 51.7) Normal. 
4.8) 78.8| Severe tetany, 1 day after 
operation. 
5.4 34.7| 8 cc. parathormone injected 
| in 4 doses during previous 
| 2 days; also 10 gm. mixture 





30 | Dee. 








of CaCl, and lactate by 
| | stomach tube day before. 








plasma calcium dropped it invariably remained above the cere- 
brospinal fluid calcium level. Likewise, when the serum calcium 
level was raised by administering parathyroid hormone the 
normal ratio between cerebrospinal fluid calcium and serum 
calcium was rapidly restored provided the serum calcium was not 
built up above the normal level.? Otherwise, the cerebrospinal 


2? We wish to acknowledge our indebtedness to Eli Lilly and to Parke, 
Davis and Company for their generosity in supplying us with their prepa- 
rations of the parathyroid hormone. We also wish to express our thanks to 
Dr. M. Beber for his constant readiness to help us in the experiments. 
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fluid calcium failed to keep pace and the ratio between it and the 
serum calcium fell below the usual 50 + per cent ratio, as was also 
the case in normal, unoperated dogs. This suggests that, though 
the cerebrospinal calcium may be dialyzed from the plasma, there 
must be some additional mechanism involved in governing its rise 
and fall, which is independent of the physicochemical condition 
of the ordinary membrane equilibrium. 


Does Calcium Pass into the Blood Cells during Tetany? 


Our experiments were made on dogs which have been com- 
pletely thyroparathyroidectomized. In an endeavor to explain 
the marked fall in the serum calcium in parathyroid tetany it has 
been suggested that calcium might pass from the serum into the 
red blood cells. At any rate, Cameron and Moorhouse’s data, 
as one of us has shown previously (16), would suggest such a 
possibility, though these authors themselves do not regard such a 
transfer probable. Bar (1) actually maintains that this shift to 
the cells plays an important réle in tetany, though we are unable 
to discover any basis for this in his data. Our own findings do not 
indicate such a transference of calcium, for the ten analyses we 
made on seven dogs point to the presence of only a slight and 
inappreciable amount of calcium in the red cells of the para- 
thyroidectomized animals, from 0.1 to 1.0 mg. per cent with an 
average of 0.48 mg. per cent. It will be noted that these figures 
are of about the same magnitude as those we obtained for the 
calcium in the cells of normal dogs. The findings of Cameron 
and Moorhouse on the whole blood calcium, if compared with 
the concentrations which they report for plasma would indicate 
that the cells contain between 0.5 and 2.9 mg., with an average 
of 1.2 mg. per cent. We would not, however, draw from their 
data any conclusions regarding the calcium content of the red 
corpuscles in parathyroid tetany on account of the marked differ- 
ences which they record between serum and plasma calcium 
concentrations. 


Does Blood Contain a Slowly Dissociating Organic Calcium 
Compound? 


Cameron and Moorhouse believe that in normal plasma the 
calcium is present in an inorganic, diffusible form to the extent of 
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53 per cent, the rest being a non-diffusible specific organic com- 
pound. The parathyroid hormone is thought to be this specific 
organic substance or that which controls its formation in the 
organism. This organic calcium compound is regarded as very 
slightly dissociable, holding through a series of interlocked equi- 
libria a definite amount of inorganic calcium in the plasma. This 
organic calcium is also supposed to be somehow taken up by the 
clot following parathyroidectomy, thus causing the large discrep- 
ancy between the serum and plasma calcium concentration. We 
have already shown that there is apparently no basis of fact to 
support this contention. 

By rapidly centrifuging oxalated plasma they believe, however, 
to have been able to demonstrate the presence of such a slowly 
dissociating organic calcium compound. According to their data 
the calcium determined immediately in samples of oxalated plasma 
from two normal dogs was 2.5 to 3.3 mg. per cent. Analyzed 
about 2 to 4 hours later the calcium in different samples was from 
0.5 to 1.6 mg. per cent. Cameron and Moorhouse assert that 
these results support their hypothesis of the existence of an 
organic calcium compound slowly dissociating after removal of 
calcium ions. One is utterly at a loss to understand how this 
interpretation fits their findings, since they report higher values 
immediately after centrifuging than several hours later, whereas 
the reverse might be expected under the circumstances. Besides, 
the analyses of such small quantities of calcium are entirely 
unreliable, the error being so large as to completely invalidate the 
importance of the experiments. 

Studying the course of precipitation of serum calcium upon the 
addition of oxalate we found that within 7 minutes practically 
90 per cent of the total calcium is precipitated. This is also true 
for a pure calcium chloride solution of the same calcium concen- 
tration. In fact, when one plots the course of the calcium pre- 
cipitation, the curves for the serum and for the pure calcium 
chloride solution can be superimposed without appreciable discrep- 
ancy between the two. Now, if one takes into consideration that 
an oxalate concentration of about 0.025 molar must be used to 
prevent clotting, whereas we have found that even a 1/320 molar 
concentration suffices to precipitate over 90 per cent of all the 
calcium in 7 minutes, Cameron and Moorhouse must have lost 
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by far the largest part of the blood calcium by the time they have 
separated the plasma. They say that the blood was centrifuged 
“immediately,’”’ but even so the time intervening between the 
addition of the oxalate and removing the plasma must have been 
not less than 10 minutes. In that time the calcium present in 
the blood would be already at least 90 per cent precipitated. 
The recovery of minute amounts of calcium upon further addition 
of oxalate to the plasma is very uncertain. An amount of 0.5 mg. 
of Ca would require a titration with only 0.1 ce. of 0.005 n KMnQ,. 
In view of these considerations the whole conception developed by 
Cameron and Moorhouse with regard to the different behavior of 
calcium in the blood of normal and of parathyroidectomized 
animals appears extremely uncritical. 

Greenwald (11) also concluded that the evidence offered by 
Cameron and Moorhouse for the presence of an organic calcium 
compound especially related to parathyroid function was not 
satisfactory. He attempted, however, to interpret, without 
seriously questioning, their experimental findings. Since we have 
actually shown that the red corpuscles of parathyroidectomized 
dogs, like those of normal animals, contain no appreciable amounts 
of calcium, if indeed any, his explanation loses its significance. 
Greenwald’s own conception of the organic calcium compound of 
serum which presumably is of the nature of a calcium citrate is 
most stimulating but as yet mainly circumstantial evidence and 
good logical reasoning are its only support. 


D. Intravenous Injections of Calcium Salts. 


Considered as a dialysis phenomenon, it would seem that, if the 
amount of diffusible calcium in the blood were markedly increased 
and maintained at a high level for a number of hours, the spinal 
fluid calcium should also increase proportionately. In these 
experiments both normal and parathyroidectomized dogs were 
used. Generally, on the day previous to the experiment blood 
was taken by cardiac puncture and cerebrospinal fluid by inserting 
a needle into the cisterna magna, and the samples were analyzed 
for calcium. The next morning the animal was given 0.5 to 1 gr. 
of morphine and an hour later 0.22 gm. of chloretone per kilo of 
body weight by stomach tube. The animal was usually com- 
pletely anesthetized in about half an hour. A modified Ringer 
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solution was injected slowly through the vein of the leg. The 
solution used contained per liter the following constituents: 5 gm. 
of CaCl, 5 gm. of NaCl, 0.42 gm. of KCl, 0.2 gm. of NaHCOs, and 
enough CO, to keep all the calcium in solution. It was run in 
through a spiral glass tube immersed in a warm water bath so that 
the solution entering the vein was practically at body tempera- 
ture. The flow was so adjusted that about 3 cc. were admitted 
per minute. The injection was continued usually about 6 hours 
during which time 1 liter of the solution was injected. Samples of 
blood and spinal fluid were taken approximately } hour after the 
injection was stopped. Since Cameron and Moorhouse suggest 
that the function of the parathyroid hormone may be to convert 
diffusible calcium into a non-diffusible organic form, we wished to 
determine whether there was any marked difference between the 
increase in spinal fluid calcium after the intravenous injection of 
the CaCl; solution in animals with a normal amount of the hormone 
and in those with the hormone lacking. In the few experiments 
which we carried out it is apparent that the increases in spinal 
fluid calcium were no greater in the parathyroidectomized dogs 
than in the normal dog; in fact, the largest increase was observed 
in a normal dog (Dog 41). While the increase in serum calcium 
amounted to from 5 to 18 mg. per cent the rise in spinal fluid 
calcium was only 0.7 to 2.7 mg. per cent. 

These experiments show that the cerebrospinal fluid calcium is 
less subject to variations than the blood calcium. In the para- 
thyroidectomized animals we observed that a relatively small 
diminution in the calcium of the cerebrospinal fluid is associated 
with the attacks of tetany. But by raising the blood calcium 
level with parathyroid hormone in operated dogs the cerebrospinal 
fluid calcium was not increased beyond its normal level, while by 
administering calcium and hormone together to normal dogs the 
spinal fluid calcium increased at most about 20 per cent, and 
generally very much less, although the serum calcium was in- 
creased 50 per cent or more. Even raising the serum calcium to 
very high levels (two or nearly three times its initial value) by 
means of intravenous injections of calcium and maintaining such 
high levels for several hours has not caused generally a much 
greater rise in the spinal fluid calcium, though in a few instances 
under a very greatly increased calcium pressure in the serum an 
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TABLE III. 
Intravenous Injections of Calcium. 
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a q | Om | 
1929 | mg. | mg. | 
34 | Feb. 9| 10.9| 5.4 49.3 | Normal. 
| « 41 | 26.4] 6.6 | 25.1 | Injected Ca for 6 hrs. 
36 “15 12.6 | 5.2 41.8 | Normal. 
“ 15} 20.7} 6.1 29.9 | Injected Ca for 6} hrs. 
40 | Mar. 6| 10.6| 5.9 | 56.0 | Normal. 
“« 7| 2.2 7.7 38.1 | Injected Ca for 6 hrs. 
41 | “ 13] 11.4} 5.6 | 46.6 | Normal. 
. = ae | 29.6 | 8.3 | 28.0 | Injected Ca for 6 hrs. 
43 “« 13 13.3; 5.5 | 41.6 | Normal. 
7 2 | 25.4| 6.4 25.2 | Injected Ca for 6 hrs. 
46 | “ 22| 10.9) 5.5 | 50.4| Normal. 
“ 22 | 16.8| 6.5 | 38.6 | Injected Ca for 6 hrs. 
48 - a | 13.4 | 6.6 49.3 | Normal. 
“« 2% 23.3) 6.9 29.6 | Injected Ca for 6 hrs. 
1930 | 
52 | Feb. 24 | 11.7 | 5.7 | 48.7 | Normal. 
“ 24/ 15.0} 6.3 | 42.0! Injected Ca for 6 hrs. 
Mar. 11 5.9| 5.2 88.3 | Parathyroidectomized 6 days ago. 
“ 11} 14.0) 5.5 | 39.2 | Afterinjecting Ca for6 hrs. 
1929 | 
37 | Feb. 19 | 10.9 5.5 | 50.5 | Normal. 
| “ 25) 18.8| 6.2 | 32.7 | 2 days after parathyroidectomy, 
| | | | injected Ca for 6} hrs. 
| Mar. 1| 8.2 | 4.6 | 56.5 | Parathyroidectomized; before in- 
| | jection of Ca. 
| “ 1) 18.2] 6.0 | 33.0 | Afterinjecting Ca for 64 hrs. 
39 | Feb. 5) 11.3) 5.5 | 48.5 | Normal. 
= 8| 6.8] 5.1 | 75.0 Parathyroidectomized 3 days ago. 
| | Tetany attack. 
Bw 8 | 19.3 | 5.8 | 30.4) Same after injecting Ca for 6 hrs. 


| 





* C.S.F.Ca indicates cerebrospinal fluid calcium. 
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increase in the cerebrospinal fluid calcium as high as 50 per cent 
was observed (Dogs 40 and 41, Table III). On the other hand, 
practically no difference was observed in the behavior of the 
cerebrospinal fluid calcium of normal and of parathyroidectomized 
dogs. This again indicates that the cerebrospinal fluid calcium 
level must be regulated by other factors besides physicochemical 
conditions alone. Possibly the rate at which the nervous tissue 
takes up the calcium from the fluid determines its ultimate level. 
This is a point very difficult to decide experimentally. We have 
attempted to study the rate of disappearance of calcium injected 
directly into the spinal cavity. The injected calcium disappears 
very rapidly but, of course, this does not prove that it might not 
have diffused back into the blood, instead of being taken up by 
the nervous tissue.* 


Diffusible and Non-Diffusible Calcium. 


Several studies have been made of the diffusible and non- 
diffusible calcium of the serum and plasma of parathyroidec- 
tomized dogs in an endeavor to determine whether the striking 
drop in calcium concentration is reflected in both fractions or in 
only one. Moritz (17), in 1925, studied by the method of ultra- 
filtration the serum calcium of seven cases of hypocalcemia in 
rabbits following parathyroidectomy. His data indicate that in 
six of these the diffusible calcium fell more rapidly than the ‘‘col- 
loidal,’’ and in four which recovered from the attack the original 
ratio of diffusible to non-diffusible calcium tended to become 
reestablished as the total serum calcium rose. From a study of 
four cases of experimental tetany in dogs, von Meysenbug and 
McCann (15) state that, according to their findings, by the method 
of compensation dialysis, the diffusible calcium ranged from 58 


3 Since this was written, Hertz reported (Biochem. Z., 217, 337 (1930)) 
that the ultrafiltrable Ca of the serum after parathyroidectomy, though 
only half as great as in normal dogs, shows a relative increase from 42 to 55 
to 53 to 63 per cent of the total Ca. Under the influence of parathormone 
the ultrafiltrable fraction is markedly increased. Comparing the cerebro- 
spinal fluid Ca with the ultrafiltrable Ca of the serum, Hertz finds that in 
the normal dog the two values are in sufficiently close agreement to justify 
the assumption that the former represents the dialyzable portion. This ap- 
proximation of the cerebrospinal fluid Ca and the ultrafiltrable serum Ca, 
however, disappears in dogs developing tetany. 
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to 71 per cent with a total serum calcium between 6.1 and 8.4 
mg. per cent. It would thus appear that the relative proportion 
of diffusible and non-diffusible calcium remained constant. 
Reed (20), using the method of ultrafiltration, determined the 
diffusible plasma calcium in parathyroidectomized dogs and his 
results indicate that certain individuals undergo a pronounced 
diminution of one fraction or the other. In his normal animals 
the diffusible calcium was between 40 and 70 per cent of the total. 
The maximum range in any one animal on successive days was 
39 to 52 per cent, but usually the variation was within the experi- 
mental error of + 4 per cent. He states that in parathyroid 
tetany there is first a decrease in the diffusible fraction of calcium 
which through a shift in equilibrium results in a transfer of non- 
diffusible calcium and a consequent diminution of this fraction. 
He thinks that this would explain the variability in the relative 
proportion of these two fractions, depending on the stage in the 
process of transfer in which the observation was made. Cruick- 
shank (7) found that the diffusible calcium of the blood serum in 
severe parathyroid tetany amounted to 94 per cent of the total 
and concluded that the most rapid reduction occurred in the non- 
diffusible calcium fraction. 

In view of this lack of agreement one cannot draw any definite 
conclusions regarding the proportions of diffusible and non- 
diffusible calcium in parathyroid tetany, except that the results 
of none of the investigators probably represent the true state of 
affairs. 

Salvesen and Linder (21) found normal plasma proteins in two 
parathyroidectomized dogs while the serum calcium was, of 
course, diminished. They consider the non-diffusible calcium 
fraction to be bound to the plasma proteins, and, therefore, 
regard the decrease in serum calcium during tetany not as a 
primary fall in the protein-bound calcium but as a decrease in the 
“diffusible and ionized”’ fraction. 

Cameron and Moorhouse in their studies of the calcium in the 
serum, plasma, and cerebrospinal fluid of dogs observed that the 
spinal fluid calcium was only slightly affected by parathyroidec- 
tomy instead of showing a fall in calcium parallel to that occurring 
in the serum or tending to disappear, as might be expected from 
Salvesen’s conclusions. 
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We attempted to study this problem, avoiding the shortcomings 
of the usual method of compensation dialysis, by dialyzing the 
cerebrospinal fluid directly against the serum of the same animal. 
For this purpose we employed the Schleicher and Schiill dialyzing 
shells No. 579, placing a measured volume of the fresh serum 
inside and a similar volume of the cerebrospinal fluid obtained at 
the same time as the blood on the outside, and adjusting the inside 
and outside levels. The dialysis apparatus was left in a refrigera- 
tor for a period of 20 to 22 hours, with occasional shaking. Both 
the serum and fluid were analyzed for calcium before and after 
the dialysis. The dialyzing thimbles were filled with distilled 
water for exactly 10 minutes, then emptied and dried in an inverted 
position for 30 minutes, before being used. By adhering to this 
technique rigidly we obtained results of remarkable uniformity, 
although even under these experimental conditions it was impos- 
sible to prevent volume changes which are responsible for altera- 
tions in the calcium concentration. One can work by this pro- 
cedure using a calcium chloride solution and water, and obtain 
theoretically correct results, but the situation is altogether differ- 
ent even when one dialyzes serum against cerebrospinal fluid, 
although the total salt concentration is practically the same on 
both sides of the membrane. By this procedure the conditions 
prevailing in the organism are more or less closely approached. 
In a series of experiments by this procedure we found that the 
cerebrospinal fluid practically always gained calcium during 
the dialysis. Following von Meysenbug’s (15) method of calcula- 
tion; namely, 


(Ca in dialyzate X 2) — cerebrospinal fluid Ca 





Per cent diffusible Ca = ea 
we obtained in a series of normal animals values between 61 and 
63 per cent.. This, of course, is a much greater ratio than that 
obtained directly from the study of the cerebrospinal fluid calcium. 
It is not hereby suggested that the higher value is the correct 
diffusible moiety, and all we wish to emphasize is that in our 
experience this is a reproducible value under the conditions of a 
definite technique. According to Cameron and Moorhouse (4) 
the parathyroid hormone either forms the non-diffusible organic 
calcium compound or promotes the formation of the specific organic 
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substance which makes this compound. We, therefore, studied by 
the above procedure the changes in diffusible and non-diffusible 
fractions of calcium under different conditions. We studied the 
effect of injecting calcium salts into normal and parathyroidec- 
tomized dogs, also of injections of caleium together with para- 


TABLE IV. 
Dialysis Experiments. 














Ca per 100 ce. = 
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Serum. Spinal fluid.| © , 
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| mg. 
49 |12.15/11.35| 6.09 6.83, 62 | Normal. 
+4 \24. 50/19. 26 6.52 0.8 62 | Normal dog. Ca injected intraven- 
ously for 6 hrs., and 1 ec. parathor- 
| mone each hr. 
6.12) 62 | Normal. 
8.22) 59.5| After injecting Ca intravenously for 


mg. | mg. | mg. | 








46 |10.93)11.05) 5.46 
16.78|15.10| 6.46 


| | | 6 hrs. 
48 |13.40)13.73 6.65) 7 42) 61 | Normal. 
a eee ~~ 60 | After injecting Ca intravenously for 
6 hrs. 
| 





| 

51 114.80/12.48 5.46 7.80) 68 | Parathyroidectomized 5 days before; 
| serum Ca dropped to 6 mg. per cent. 
| | | 


Ca intravenously for 6 hrs. 


52 |11.70/10.57| 5.65, 6.52) 63 | Normal. 
'14.98,12.64) 6.26, 7.37) 57 | After intravenous injection of Ca for 
6 hrs. 


| 5.90) 6.52 5.18, 4.04) 49 | Parathyroidectomized. Mild tetany. 
13.95)12.08) 5.45) 6.32) 52 | After intravenous injection of Ca for 
| | 6 hrs 

| | | | as 








thyroid hormone, then dialyzing the dog serum against the cere- 
brospinal fluid. As the results in Table IV show, in the normal 
dog, following prolonged slow injection of calcium, the per cent 
of diffusible calcium obtained by dialyzing the serum against the 
spinal fluid is practically unchanged (57 to 61 per cent), and the 
addition of parathormone has no effect on this proportion (62 
per cent). In parathyroidectomized dogs at the time they 
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develop tetany one might anticipate that, since the specific 
organic substance necessary to form the non-diffusible calcium 
compound is absent, there would be a marked rise in the diffusible 
calcium upon the injection of a calcium salt. However, as the 
results show, a small increase in one case is fully compensated 
in another experiment by a corresponding decrease (52 and 68 
per cent respectively). We can conclude, therefore, from these 
experiments that the parathyroid hormone has apparently no 
relation to the formation of an organic non-diffusible calcium 
compound in the animal organism. 


SUMMARY. 


The relation of cerebrospinal fluid calcium to the calcium of 
serum has been investigated in man and in the dog. It was found 
that in experimental jaundice there was no change either in the 
serum or in the cerebrospinal fluid calcium. The ingestion of 
calcium salts caused only a small rise in the serum calcium without 
materially affecting the calcium of the cerebrospinal fluid. If the 
feeding of calcium was accompanied by injections of parathyroid 
hormone the serum calcium was raised considerably and beyond 
the response of the cerebrospinal fluid calcium. Similarly when 
the serum calcium was greatly increased by means of a continuous 
intravenous injection of a modified Ringer solution containing a 
very large amount of CaClh, the cerebrospinal fluid calcium 
remained relatively low, and only in a few instances did it undergo 
a large absolute increase. This tendency of the cerebrospinal 
fluid calcium to maintain its level within narrow limits suggests 
that perhaps other factors besides those of the membrane equi- 
librium are operative in regulating it. The parathyroid hormone 
apparently has no effect on the distribution of the calcium between 
serum and cerebrospinal fluid because the changes upon intra- 
venous injection of calcium were the same both in normal and 
parathyroidectomized animals at the time the latter have devel- 
oped tetany. 

The transfer of calcium to the red cells following parathyroidec- 
tomy, and the existence of a slowly dissociable organic calcium 
compound in serum are discussed and reasons are given for 
denying both. 

By dialyzing serum against cerebrospinal fluid, an attempt has 
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been made to throw light upon the problem of the quantitative 
relationship between the two calcium compounds, namely the 
diffusible inorganic and the non-diffusible organic, and whether 
the formation of the latter is governed by the parathyroid hor- 
mone. These dialyses were made under normal conditions and 
after continuous injection of massive doses of calcium chloride, 
with or without the addition of parathormone, also on para- 
thyroidectomized or on unoperated dogs. The evidence obtained 
from these experiments tends to show that the parathyroid 
hormone does not have any effect upon the distribution of the 
calcium of serum and cerebrospinal fluid. 
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The determination of urea nitrogen in blood filtrates is one of 
the most troublesome procedures encountered in the hospital 
laboratory. 

When the method used is that of distillation as recommended 
by Folin it is often necessary to repeat determinations because the 
solution has sucked back or frothed over. The results obtained 
by aeration, unless very carefully checked, are too often low and 
the method takes too much time for use in emergency cases. 

These difficulties have long been recognized and attempts have 
been made to overcome them by direct Nesslerization. The 
method proposed by Karr' is frequently used but is not satisfactory 
if a number of determinations must be made, as the solutions 
invariably become turbid. The attempt of Roe and Irish? to 
prevent turbidity by the use of calcium phosphate precipitation 
is only partially successful as the turbidity is not entirely due to 
traces of protein. 

A method using direct Nesslerization would be of great value 
in the hospital laboratory if the formation of turbid solutions could 
be prevented. 

It has long been recognized that colloidal solutions may be 
stabilized by the presence of a protective colloid. Folin* uses 
gum ghatti as the stabilizing agency to prevent the precipitation 
of Prussian blue in his micro sugar method. This gum is equally 
effective in maintaining crystal-clear solutions of the complex 


1 Karr, W. G., J. Lab. and Clin. Med., 9, 3 (1924). 
? Roe, J. H., and Irish, O. J., J. Lab. and Clin. Med., 11, 1087 (1926). 
3 Folin, O., J. Biol. Chem., T7, 421 (1928). 
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ammonium-mercuriec iodide compound. The protection given 
by the gum is so good that even when tap water was used to make 
up the solutions as much as 1 mg. of ammonium nitrogen per 100 
ml. could be Nesslerized without any trace of turbidity. Without 
the gum, solutions containing tap water invariably become turbid. 
With distilled water 1 ml. of 2 per cent gum ghatti* will permit the 
Nesslerization of solutions containing as much as 2.5 mg. of 
nitrogen in 100 ml. without the appearance of turbidity for several 
hours. By using more of the gum even greater concentrations of 
ammonium salts can be kept clear. 2 ml. of gum ghatti solution 
will protect 4 mg. per cent of nitrogen when Nesslerized with 30 
ml. of Nessler’s solution. When such a solution was read against 
a standard containing 1 mg. of nitrogen in 100 ml. the error was 
only 2 per cent. The standard was set at 20.0 mm. anda reading 
of 4.9 mm. was obtained. This was equivalent to 4.08 mg. of 
nitrogen. 

It is necessary that the standard contain the same concentration 
of gum ghatti as the unknown because the presence of the gum 
decreases the intensity of the color about 10 per cent. Thus, 
when 0.5 mg. of nitrogen was Nesslerized with 10.0 ml. of Nessler’s 
solution and made up to 100 ml. in the presence of 1 ml. of the gum 
ghatti solution it read 22.3 mm. against a similar solution without 
the gum set at 20.0mm. This is only 90 per cent of the standard. 
That this decrease in the intensity of the color does not affect the 
accuracy of the method is shown in Table I. The solution con- 
taining 0.4 mg. of nitrogen was used as the standard, and all the 
solutions contained 1 ml. of 2 per cent gum ghatti solution and 10 
ml. of Nessler’s solution except Solution 13 which held 15 ml. of 
Nessler’s solution. It will be seen that the relation between the 
concentration of nitrogen and color intensity is excellent from 
0.1 mg. to 1.6 mg. 

The presence of urease also causes a slight decrease in the inten- 
sity of the color and for this reason the standard must contain the 
same concentration of enzyme as the filtrate. In order to lessen 
the effect of the urease a more concentrated solution than is 


4 20 gm. of soluble gum ghatti are suspended on a copper gauze just below 
the surface of the liquid in a liter graduate filled with distilled water. 
After standing for 24 hours at room temperature the solution is filtered 
and is ready for use. 
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customary is used. This is prepared by shaking 15 gm. of jack 
bean meal, 10 gm. of permutit, and 100 ml. of 16 per cent alcohol in 
a shaking machine for } hour and then filtering through a folded 
filter. The solution, which is still turbid, is allowed to stand in a 
100 ml. graduate in the ice box for 24 hours. The clear super- 
natant liquid is pipetted off and will keep in the ice box for about 
a week. 20 drops of this preparation when added to a standard 
containing 0.3 mg. of nitrogen and 1 ml. of the gum ghatti solution 


TABLE I. 
Relation between Concentration of Ammonium Nitrogen and Color Intensity. 





Ammonium sulfate N. 





Solution No. es 
Amount present. | Amount found. 
mg. mg. 
1 0.1 | 0.10 
2 0.2 0.19 
3 0.3 0.31 
4 0.4 0.40 
5 0.5 | 0.51 
6 | 0.6 0.60 
7 0.7 0.70 
8 | 0.8 | 0.80 
9 | 0.9 0.89 
10 1.0 | 1.00 
11 ee | 1.13 
12 1.2 1.21 
13 1.6 | 1.63 


u 








All solutions were read against Solution 4 taken as standard, set at 10.0 
for Solution 1 and at 20.0 for the rest. 


in a 100 ml. volumetric flask caused a loss in color amounting to 3 
per cent. 

For the determination 2 drops of this preparation are used in 
the filtrate and 8 drops in the standard. One drop of this urease 
solution will completely digest 1.0 mg. of urea nitrogen, as is 
shown in Table II. Known amounts of a carefully purified urea 
solution were measured out and diluted to 5 ml., and then 2 drops 
of phosphate buffer and 1 or 5 drops of the urease were added. 
The solutions were allowed to digest in a water bath at 55° for 30 
minutes. Each solution was read against a standard containing 
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the same amount of nitrogen from ammonium sulfate, and the 
same concentration of urease and gum ghatti. 

The recovery of added urea is shown in Table III. The amount 
of urea in 5 ml. of blood filtrate was determined by the new method 
before and after the addition of known amounts of urea. It will 
be seen that the added urea is recovered with a maximum loss of 
only 2 per cent. 

The determination of the urea is made as follows: 5 ml. of 
blood filtrate, 2 drops of phosphate buffer, and 2 drops of concen- 


TABLE II. 
Digestion of Urea with Concentrated Urease. 























Urease used. Standard (NH4,)2SO,. | Urea present. | Urea found. 
rage re ee rs | mg 
1 1.0 1.0 0.99 
5) 1.0 1.0 1.01 
1 0.25 0.25 0.26 
1 0.05 0.05 0.05 
5) 0.05 0.05 0.05 
TABLE III. 
Recovery of Added Urea. 
Blood urea N. Urea added. Urea found. | Recovery. 
ae ae 100 ml. i = mg. N mg. N rie per cent 
18.2 100.0 | 116.0 98.8 
10.0 200.0 212.0 101.0 
| 


20.0 33.0 98.0 





trated urease solution are placed in a clean test-tube in a water 
bath at 55° for 30 minutes. The solution is then transferred to a 
urea tube graduated at 12.5 and 25.0 ml. and rinsed three times 
with a little distilled water so that the volume does not exceed 
10.0 ml. Then 1 ml. of diluted gum ghatti solution, prepared by 
diluting the stock solution 1 to 8, is added and thoroughly mixed. 
Finally 1.5 ml. of Nessler’s solution are added, the volume made up 
to 12.5 ml. with distilled water, and the solution again mixed. 
The standard is prepared by placing 3 ml. of ammonium sulfate 
solution containing 0.3 mg. of nitrogen in a 50.0 ml. volumetric 
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flask and adding 8 drops of urease and 4 ml. of the diluted gum 
ghatti solution. The solution is then diluted to about 40.0 ml. 
and after it is mixed thoroughly, 6.0 ml. of Nessler’s solution are 
added and the flask filled to the mark. It will be noted that the 
concentration of the solutions is twice that usually used. This was 
done to compensate for the decrease in the intensity of the color 
as the light yellow colors are rather difficult to read. 














TABLE IV. 
Blood Urea Nitrogen. Comparison of Direct, Aeration, and Distillation 
Methods. 
Direct method. 
Aeration. 
Standard plus urease. | Standard without urease. 
a 
mg. per 100 ml. | mg. per 100 ml. mg. per 100 ml. 
11.0 11.1 
11.5 11.3 

12.8 12.5 12.0 
14.2 14.2 | 14.1 

15.6 15.9 
17.1 16.8 | 16.5 
17.5 17.7 16.7 
24.6 25.0 | 24.2 
58.8 60.0 58.2 

Distillation. 

14.6 15.0 

17.8 17.8 | 

23.6 23.3 | 

83.0 84.0 

103.0 104.0 | 





The following experiment was performed to show that the blood 
filtrate contained nothing which would change the color of the 
Nessler’s solution when added to a known amount of ammonium 
sulfate solution. 

A solution containing 0.6 mg. of nitrogen and 1 ml. of 2 per cent 
gum ghatti solution was Nesslerized with 10 ml. of Nessler’s 
solution and diluted to 100 ml. It was compared with a second 
solution containing the same substances and in addition 5 ml. of 
blood filtrate. No difference in the two solutions could be 
detected. When this experiment was repeated with only 0.3 mg. 
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of nitrogen a gain of 0.5 per cent in intensity was noted in the 
solution containing the blood filtrate. 

The figures obtained by this method agree very well with the 
results obtained on the same filtrates by aeration or distillation. 
In Table IV there are given the results obtained by the various 
methods. The second column gives the results obtained when 
urease was added to the standard and the third column the results 


TABLE V, 


Comparison of the New Method and the Aeration Method for Urea N When 
Read against the Same Standard. 











New method. Aeration method. 
mg. per 100 ml. mg. per 100 ml. 
8.69 9.23 
9.86 9.93 
9.93 9.83 
10.07 10.13 
10.63 10.52 
10.63 10.79 
10.79 10.79 
11.62 | 11.36 
13.39 13.27 
13.63 13.51 
15.87 15.87 
16.94 16.75 
17.04 16.75 
19.60 19.10 
24.39 22.72 
65.41 64.74 
70.82 71.40 

178.5 174.4 








of reading the same solution against another standard not contain- 
ing urease. The average loss is about 3 per cent, which is also 
the figure obtained when the standards are read against each other. 

For very high concentrations of urea it is better to increase the 
strength of the standard to 1.0 mg. in 100 ml. and to make up the 
filtrate to the same volume. Both solutions should contain 8 ml. 
of diluted gum ghatti, 15.0 ml. of Nessler’s solution, and 2 drops of 
urease. Bloods containing from 50.0 to 400.0 mg. of urea nitrogen 
can be read without the slightest difficulty against this standard. 
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The use of a tube graduated to both 12.5 and 25.0 ml. permits the 
dilution of filtrates which appear to be slightly high, by adding a 
solution containing 1 ml. of gum ghatti stock solution per 100 ml. 
The volume is first brought to about 20.0 ml. and, after the addi- 
tion of another 1.5 ml. of Nessler’s solution, made up to 25 ml. 
with the weak gum ghatti solution. 

As the very intense red colors obtained from the more concen- 
trated solutions are much easier to match than the yellowish 
colors of the weaker ones, better results can be obtained from the 
very high filtrates by setting the standard at 40.0. 

By using the gum in the routine non-protein nitrogen deter- 
minations it is possible to read filtrates from bloods containing as 
high as 120 mg. against the routine standard. This should bring 
about a considerable saving in time now lost by the repetition of 
the determinations which become turbid from too much nitrogen. 

The figures given in Table V were obtained by the use of 5 drops 
of the concentrated urease solution and were read against a 
standard not containing any urease. These figures are in excellent 
agreement with the results obtained from the same filtrates by 
aeration. This would seem to indicate that the aeration method 
as used in routine work gives figures that are about 3 per cent too 
low. For clinical work this error is negligible and would indicate 
that the addition of urease to the standard isa refinement that is 
not absolutely necessary. 


The writer wishes to express his appreciation to Miss Ella 
Perkins of the chemical laboratory of Jefferson Hospital from 
whom these figures were obtained. 
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BY THE FEEDING OF IRRADIATED YEAST.* 
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Wisconsin, Madison.) 
anp G. C. HUMPHREY. 
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Wisconsin, Madison.) 


(Received for publication, April 16, 1930.) 


The idea that milk, both cow’s and human, is insufficiently 
supplied with vitamin D to meet the requirements for good bone 
building, is widely accepted. The question may well be raised 
whether too much emphasis is not being placed on vitamin D as the 
calcifying agent, without keeping in mind that other corrective 
measures may well be looked for. However, the study of the 
factors which determine the vitamin D content of milk is cer- 
tainly more than of academic interest. 

We (1) have recently reviewed the literature bearing on the 
attempts which have been made to increase the vitamin D content 
of milk by irradiation of the animal. There appears no question 
but that the antirachitic potency of goats’ milk can be increased 
by irradiation of the goat with a quartz mercury vapor lamp (2, 3). 
Hess and Gerstenberger and their coworkers (4, 5) have reported 
that human milk can likewise be improved by irradiation of the 
nursing mother. The data on cow’s milk are, to our mind, far 
from convincing. 

When one takes into consideration the different conditions under 
which experimental animals are kept, the variability in their 
supply of reserve stores of vitamin D, and the variable feeding 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
+ Fleischmann Fellow. 
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techniques, together with the variation in the criteria used for the 
estimation of the severity of rickets, it is probably not to be 
wondered at that the results obtained in different laboratories fail 
tobe concordant. Before the etiology of rickets can be understood 
the contention that cow’s milk is more conducive to the production 
of rickets in the human than human milk needs to be settled. 
The Detroit investigators (6) have reported that human milk fed 
in amounts of 25, 30, or 40 ce. daily to rats failed to demonstrate 
the presence of the antirathitic factor. However, under the same 
carefully controlled conditions 30 cc. of cow’s milk fed daily for 
7 days induced marked healing of rachitic lesions inrats. Sherman 
and Stiebeling (7) have also reported recently that cow’s milk 
contains considerable amounts of vitamin D. They state: “The 
large numbers of experiments here briefly reported afford extensive 
and convincing evidence in confirmation of the fact that cow’s 
milk as ordinarily produced in this country contains important 
amounts of vitamin D.’’ Outhouse, Macy, and Brekke (6) in 
commenting on the widely varying reports on the amount of 
vitamin D present in milk, remark: ‘‘It is impossible to explain the 
conflicting results of the studies reviewed above, since environ- 
mental factors surrounding the lactating individual and variations 
in experimental technique of feeding the milk play important réles 
in the analysis of the results.” 

Relating to the effect of feed and sunlight on the antirachitic 
potency of milk, Luce (8) concluded from her experiments: “The 
diet of the cow therefore appears to be the main factor in deter- 
mining the anti-rachitic value of her milk, for with a diet deficient 
in fat-soluble vitamins it has been found impossible, by the action 
of sunlight alone, to raise materially the anti-rachitic value of her 
milk.”” Chick and Roscoe (9) concluded that: ‘‘The anti-rachitic 
value of the milk (vitamin D content), on the other hand, was 
found to depend principally upon the degree of insolation of the 
cow.” “At the same time, there was some indication that the 
diet of the cow, in consisting of fresh green fodder, was a con- 
tributory factor.”’ 

Many investigators have sought to determine whether the 
antirachitic potency of milk can be increased by feeding the 
lactating animal either during pregnancy alone or during preg- 
nancy and lactation a substance potent in vitamin D, such as cod 
liver oil. MeCollum and coworkers (10) tried to determine with 
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rats whether vitamin D given as cod liver oil to the mother rat 
passes into the milk. When the rats were fed cod liver oil before 
mating, during pregnancy, and during the first 2 weeks of nursing, 
considerable protection against rickets to the young was afforded, 
but not so much as when the young were continued on the cod 
liver oil ration. When the cod liver oil was fed only during the 
lst week of the nursing period, there was very little protection 
against rickets. 

Hess and Weinstock (11) gave mother rats on a standard diet 
various amounts of cod liver oil for varying periods during 
pregnancy and lactation. They found that the young were not 
protected against rickets. In this connection Hess may be quoted 
as follows (12): ‘Attempts have geen made also to improve the 
quality of the milk in this respect by adding various amounts of 
cod-liver oil to the ration of the cow. Something has been ac- 
complished by this means but not sufficient to indicate that this 
method will be serviceable in connection with infant feeding. 
Lesné and Vagliano! found that 500 gm. of cod-liver oil have to 
be added to the daily ration of cows to give antirachitic property 
to their milk. The effect on the milk of feeding irradiated ergo- 
sterol to the cow has not yet been tested.” 

Wagner and coworkers (13) found that cows fed for 7 months 
with large doses of cod liver oil produced milk with no appreciable 
corrective properties for rickets in infants. 

Eufinger and coworkers (14) have reported that colostrum or 
milk obtained from healthy human mothers does not contain 
sufficient vitamin D to cure severe rickets in rats, but that it is 
possible to enrich these secretions with vitamin D by feeding 
irradiated ergosterol in the form of the pharmaceutical prepara- 
tion vigantol. The transfer appears to be an immediate one 
because severely rachitic rats were completely cured by feeding 
either colostrum or milk from human mothers who had been taking 
vigantol for only afew days. Hart and coworkers (15) fed milking 
cows 8 ounces of cod liver oil daily. Special care was taken to 
accustom the animals to the cod liver oil feeding before putting 
them on the experimental ration. Apparently the cod liver oil 
was poorly absorbed, because feeding experiments with chicks 
in which the feces of these cows in the form of an ether extract 


1 Lesné, E., and Vagliano, Compt. rend. Soc. biol., 91, 143 (1924); Compt. 
rend. Acad., 179, 539 (1924). 
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were used as part of the ration, showed that the vitamin D con- 
tent of the feces from cows receiving cod liver oil was much higher 
in vitamin D. The potency of the milk was not studied. 

The question of the réle of the diet in furnishing vitamin D for 
the organism is apparently far from being a simple one. Not 
only may various constituents of the diet influence the assimila- 
tion of vitamin D, but vitamin D itself, as we now know it, may 
occur in various forms, which in turn are available in different 
degrees to different species. The result is that it is as difficult 
to generalize on the probable effect of the ingestion of vitamin D as 
it is to foretell the action of light acting on the organism directly 
(16). 

Various isolated tests which we have made on the vitamin D 
content of milk from cows receiving cod liver oil convinced us 
that while the vitamin D might be slightly increased by such a 
procedure, the feeding of cod liver oil was certainly not to be 
looked upon as a practical measure for the improvement of milk. 
We accordingly cast about for other sources of vitamin D which 
might be used to advantage. Tests carried out with rats revealed 
to us that dried yeast suitably irradiated with ultra-violet radia- 
tions could be made antirachitic to the extent that not more than 
1 mg. of yeast was necessary to furnish 1 rat unit of vitamin D. 
When it is taken into consideration that ordinary cod liver oil, 
as usually furnished to the trade, contains 1 rat unit of vitamin D 
in from 25 to 100 mg. of oil, the potency of the yeast can be 
readily appreciated. We have evidence that the vitamin D in this 
yeast occurs in at least two different forms. Of their relative 
availability to the cow, we have no knowledge; yet the high total 
potency suggested that it might be well worth the attempt to 
determine whether or not it could be used for experimental purposes 
with this species. At the same time and as part of the experiment, 
we determined the effect of the feeding of this yeast on the calcium 
balance. Results on the latter have already been published (17). 
In this paper, we shall concern ourselves with the data bearing on 
the effect of yeast on the antirachitic potency of milk. 


EXPERIMENTAL, 


The experiments here reported were performed during the last 
2 months of 1928 and the first 4 months of 1929. They were pur- 
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posely carried out in winter, to minimize the possible effect of 
sunlight. Exposure of both animals and ration to sunlight was 
purposely prevented, except in the cases of certain control animals 
which were taken as representative of herd conditions. All the 
cows except the general herd were Holsteins. They were in the 
4th to the 9th month of lactation. Cows 1 and 2 received a daily 
basal ration of 10 pounds of alfalfa, 25 pounds corn silage, and 1 
pound of a grain mixture for approximately each 3 pounds of milk 
produced. The grain ration was a mixture, composed of yellow 
corn meal 59 per cent, wheat bran 25, oil meal 15, and salt 1. 
Both cows received a supplement of 200 gm. of non-irradiated yeast 
for the first 4 weeks of the experiment. This constituted the 
preliminary period, and it was followed by the irradiated yeast 
period during which the non-irradiated yeast was displaced by 
irradiated yeast. 

Cows 23, 30, and 32 received the same amount of roughage as 
Cows 1 and 2, and a grain mixture in the same proportions in 
relation to the milk produced which, however, consisted of yellow 
corn meal 35 parts, wheat bran 30, ground oats 30, oil meal 5, 
and salt 1. Cow 23 also received a supplement of 0.5 pounds of 
marl per day. With Cows 23 and 30, yeast was fed only during 
the irradiated yeast period. In other words, non-irradiated yeast 
was not fed in the preliminary feeding period. Cow 32 from which 
milk was obtained as representative of milk produced on a sup- 
plement of cod liver oil, had received 180 gm. of cod liver oil daily 
since October, 1926, and was continued on this supplement during 
the experiment. The rations on which the herd milk was pro- 
duced are too varied in character for detailed description. In 
general, however, they consisted of mixed hay, corn silage, and a 
grain mixture. None of the cows in this group, however, received 
cod liver oil nor any special treatment, ration or otherwise, for the 
specific purpose of influencing the vitamin D content of the milk. 

The yeast used for these experiments was finely ground, dried 
yeast which had been grown on molasses. It was kindly donated 
for these experiments by The Fleischmann Company. It was 
irradiated in quantities of 2 kilos at a time, spread out in a circle 
62 feet in diameter at a distance of 2! feet from the burners of a 
Cooper Hewitt quartz mercury vapor poultry treater or a Hanovia 
Alpine sun lamp. Both lamps were kindly loaned to us for ex- 














202 Fat-Soluble Vitamins. XXX 


perimental use by the manufacturers. The exposure of the yeast 
was continued for 2 hours. Every 30 minutes it was raked into a 
pile and then redistributed in order to secure as thorough exposure 
as possible. When fed to the cows it was thoroughly incorporated 
in a small portion of the grain mixture, in order to secure complete 
consumption. 

To standardize the yeast for its antirachitic potency it was 
incorporated in 1, 5, or 10 mg. quantities in 50 gm. of our finely 
ground Ration 2965 (18). This consists of yellow corn 76, wheat 
gluten 20, calcium carbonate 3, and sodium chloride 1. The mix- 
ture of yeast and basal ration was fed to our standard rachitic 
rats with maintenance of consumption and weight records for a 
period of 10 days. When the 50 gm. had been completely con- 
sumed, unsupplemented Ration 2965 was fed for the rest of the 
10 day period, the same records being kept as before. The rats 
were then killed and the distal ends of the radii and ulne examined 
for calcium deposits by the Johns Hopkins technique (19). The 
amount necessary to produce a continuous narrow line of calcium 
deposits in the majority of the rats on test is the unit which has 
been used by us for some time, primarily in the standardization of 
pharmaceutical products for describing the antirachitic strength 
of potent antirachitic agents. We have designated this amount of 
vitamin D as 1 rat unit. Our tests revealed that not more than a 
total of 1 mg.of the irradiated yeast was necessary to furnish this 
amount of vitamin D. On the other hand, we found that the 
cod liver oil which was fed during the time that our tests on the 
milk were being carried out required 50 mg. of the oil to produce 
the same effect. We had no check up on the potency of the oil 
which had been fed previously. The oil used can only be said to 
have been of high medicinal grade such as is generally available 
commercially. 

Daily records were kept of milk production and composite 
samples were tested periodically for butter fat content. This 
will be discussed later. For our antirachitic tests with Cows 1 and 
2, samples were taken after 4 weeks of feeding the non-irradiated 
and irradiated yeast respectively. The samples were measured 
out in 20 ec. quantities intd 50 cc. Erlenmeyer flasks. These were 
stoppered with cotton and then kept frozen until used. In some 
cases where specifically designated, the milk was fed fresh. Before 
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feeding the frozen samples, they were warmed, then mixed 
thoroughly, and cooled before the desired amounts were pipetted 
off. 

The tests on the milk were carried out with the prophylactic 
technique. For each series there were used four litters of six rats 
each, with a litter representative in each group. In all of our 
work we have found it very important to have litter representatives 
distributed in this manner. It was this premise which made it 
necessary for us to feed frozen milk. We considered it far better 
to run the chance of encountering some destruction of vitamin D 
in the keeping process rather than to take the chance of intro- 
ducing the large variables which are always encountered when 
animals are taken from different litters. The rats used were of our 
black and white piebald standard stock, weighing about 60 gm., 
at an age of 22to 25days. They were confined in individual screen 
cages on screen floors and weighed weekly. Distilled water and 
Ration 2965 were fed ad libitum. The milk was fed daily, meas- 
ured out with a pipette into small porcelain dishes. 

At the end of 5 weeks, the rats were killed and the femurs 
removed for determination of ash. They were dissected free from 
soft tissues and extracted with hot 95 per cent alcohol with fre- 
quent change of alcohol, in a Soxhlet apparatus, for 5 days. They 
were then dried and ashed. Ribs were removed for gross inspec- 
tion of rachitic involvement, and the wrists for microscopic ex- 
amination by means of the Johns Hopkins technique (19). Meas- 
urements of the width of the wrist bones and their metaphyses were 
made, since these dimensions increase in rickets and therefore 
could be used as an additional criterion of the comparative severity 
of the disease. 

The first results are presented in Table I. The data of Table I 
were obtained by feeding 4 cc. of milk daily from Cows 1 and 2 
during the two yeast periods. It can be said that after 3 weeks 
of milk feeding, all of the rats receiving milk obtained during the 
non-irradiated yeast period showed the enlarged wrists and a 
hopping, wobbling gait quite characteristic of rickets. The 
animals were very inactive; for the most part they remained in the 
back of their cages and their body tissues felt soft and relaxed. 
The rats receiving the same amount of milk obtained during the 
irradiated yeast period were apparently normal. They were 
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very active and showed good muscular tone. What their general 
symptoms indicated is supported by the detailed data presented 
in Table I. Not only is the ash content from the feeding of the 


TABLE I, 
Antirachitic Value of Milk. 
Bone Analyses of Rats on a Rachitogenic Ration Plus 4 Cc. of Milk Daily 
from Cows Which Received 200 Gm. of Non-Irradiated or 
_Trradiated Yeast Daily. 



































Width of: | Ash in femora. 
Condition of 3 (2 s |s 
Rat No. costochondral | . | eo p< mu ir et 
junctions. 1 | j a 2. | 22 2. 22 
Si} 3B | $8) Se) S28) 35 
eib| si<¢ {4 le je 
— | a es eae Bere Yc 
| |mm. —_ mm. | mg. | mg. Fad | tod 
69 @ | Cowl. Non-| Very much | 3.5| 3.0, 2.0) 40.8 (32.4 
irradiated enlarged. | | | 
70 cv yeast “ > 3.0) 2.5) 2.0) 43.3 |34.3 
71 9 period. ™ " | 3.0) 2.5, 2.0 41.2 34.3, 
72¢ Slightly en- 3.0) 2.5 1.0 81.9)51.8)47.0)37.0 
larged. 
93 # | Cow2. Non-| Very much | 3.0, 2.0, 2.0) 38.1) —|30.6 
irradiated | enlarged. | 
949° | yeast Enlarged. | 3.0) 3.0) 1.5) 48.8) (38.4 
95 9 | period. Very much | 3.0) 2.0) 1.5 41.0 35.1 
| enlarged. | 
96 2 | ” ” | 3.0 2.5) 2.0 39. 5/41. 9 32.7/34.2 
73 9 | Cowl. Irra- | Normal. 3.0 0) 2.0 <0.5 94.3 53.7 
740 diated * | 3.0) 2.0)<0.5 84.8) 50.9 
75 Z| yeast " 3.0) 2.0,<0.5) 89.0) 49.6) 
76 ca period. . | 2.5) 2. <0. 5114. 6/95. 4/52.5)51.7 
97 2 | Cow2. Irra- | Normal. 2.5) 2.0/<0.5 90.1) |50. 6 
98 #7 | diated | ” 2.5) 2. 0) <0. 5) 93. | 51. 1 
99 2| yeast “ | 2.5) 2.0.<0.5| 99.8 53.8 
100 9 period. * | 2.5) 2.0<0.5 94. 394. 3/53. 652.3 





milk from the irradiated period much higher, but the percentage 
of ash is also higher. The radii and ulne as well as their meta- 
physes are narrower. This is important because, in general, it 
may be said that up to a certain point the more severe the rickets, 
the wider the bone. 
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As the values for the percentage of ash on the supplement of 
4 ec. of milk from the irradiated yeast feeding are approximately 
the maximum which can be obtained on Ration 2965 by the addi- 
tion of vitamin D, we considered it of interest to run another 
series of rat tests in which various levels of milk were fed. The 
levels selected were 0.5, 1.0, and 2.0 cc. daily. They were com- 
pared with 4 cc. of herd milk and 2 and 4 ec. of milk from Cow 32, 
which was the cow receiving a supplement of 180 gm. of cod liver 
oil daily. In these experiments the milk was fed fresh. 

The results of these experiments are presented in Table II. 
Even 2 cc. of irradiated yeast milk produced bone of maximum 
percentage ash content. With 1 cc. the percentage was somewhat 
lower, and with 0.5 cc. decidedly rachitic. The weights of ash, 
however, were in all cases less than on 4 ec., as shown on Table I. 
It is interesting to note that it required 4 ec. of herd milk to 
produce approximately the same quality of bone as that produced 
on a supplement of 0.5 ce. of irradiated yeast milk. Milk from the 
cow receiving cod liver oil was decidedly inferior, being little if 
any better than herd milk. 

Further data on cod liver oil feeding are presented in Table III. 
Here the milk was taken from the same cow, namely Cow 32. It 
was compared at a 4 ce. level of intake with milk from Cow 30 
fed at levels of 2 and 4 ce. daily. Cow 30, after a preliminary 
period on a ration free from yeast, received 50 gm. of irradiated 
yeast. It is again to be noted that the milk from the cow receiv- 
ing cod liver oil was not superior to ordinary milk such as was 
produced by Cow 32 during the preperiod. 50 gm. of irradiated 
yeast daily, however, had a decided effect on the milk. 

Table IV presents data on a still lower level of irradiated yeast; 
namely, 10 gm. daily. These were obtained with Cow 23 in com- 
parison with Cow 32, receiving cod liver oil. At these levels no 
differentiating effect of any kind between the two sources of vita- 
min D was demonstrable. 

Inasmuch as vitamin D is fat-soluble, it was deemed possible 
that better determinations of antirachitic potency might be made 
on butter fat obtained from the respective milks. In the first 
place, it was considered worth while in view of the possibility 
that vitamin D might be concentrated in the fat, and in the 
second place, the feeding of fat, unlike the feeding of milk, does 
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not disturb the ecaleium and phosphorus intake of the test animals. 
In anticipation of the possible use of butter fat for this work, we 
had collected cream from the various cows, usually toward the 
end of their experimental periods. This cream was churned and 
the butter fat separated from the butter by decantation and 
filtering at temperatures slightly above melting. The samples 
were then preserved in the refrigerator in Mason jars. 

The results of feeding butter fat are sown in Tables V and VI. 
The butter fat was fed at 100 and 200 mg. daily; it was measured 
out into small porcelain dishes, at a fixed temperature slightly 
above melting, with a calibrated pipette. The basal ration and 
general technique used in these tests were the same as for the milk 
samples already described. 

Table V shows the effects obtained after feeding the cow 200 
gm. of yeast, and Table VI the effects resulting from the feeding of 
10 and 50 gm. of yeast respectively in comparison with a feeding 
of 180 gm. of cod liver oil. 200 mg. of butter fat produced on a 
supplement of 50 gm. of irradiated yeast gave maximum calcifica- 
tion of bone. When the amount of yeast fed was reduced to 10 
gm. daily, the resultant butter fat was much less calcifying, but 
it was still superior to butter fat produced on the unsupplemented 
ration. 180 gm. of cod liver oil apparently produced about the 
same results as 10 gm. of yeast. Butter fat feeding therefore was 
apparently able to reveal differences not possible with the feeding 
of milk itself. 

The question naturally arises whether the vitamin D in yeast is 
more assimilable than in cod liver oil. Tests carried out on the 
feces from Cows 1 and 2 as well as another cow, No. 3, which was 
on the same ration, revealed that these feces carried large amounts 
of vitamin D (17); in fact, amounts of about the same order as 
those found present in the cod liver oil experiments previously 
reported (15). We have no data on the actual comparative avail- 
ability. Our data, as a matter of fact, do not eliminate the 
possibility that cod liver oil might have produced an increase in 
vitamin D in the milk of the same order as yeast, if the same num- 
ber of vitamin units had actually been given. Asa matter of fact, 
actual tests revealed that the 180 gm. of cod liver oil given daily 
carried only one-third as many units of vitamin D as the 10 gm. of 
yeast. 
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In the practical feeding of cod liver oil there is, however, 
another factor which must be considered. Drummond and co- 
workers (20) in studying the effect of cod liver oil on vitamin A in 
milk found that, ““The administration of cod liver oil caused no 
appreciable change in the yield of milk but the higher doses 
appeared to cause a noticeable drop in the percentage of fat.’’ 
In a second paper Golding et al. (21) reported that ‘daily addition 
of 2 oz. of cod liver oil to this ration did not significantly depress 
the percentage of milk fat nor did it raise the vitamin D of the 
butter to any appreciable extent. Higher doses of cod liver oil 


TABLE VII. 
Production of Milk and Butter Fat per Week on Rations Coniaining 200 Gm. of 
Yeast Daily. 





| 
Average milk Average butter fat Average weight 
Suited production. content in milk. of fat. 





Cow 1.'Cow 2.|\Cow 3.|Cow 1.!Cow 2.|Cow 3.|\Cow 1.|Cow 2.'Cow 3. 





|——|-—|- | = 
| ws. | tbs. | tbs. 








» | | pe 
° s. | Per | per per 
bbs. lbs. | cent | cent | cent 
| 


3 wks. before irra- 288.0354.5'273.5| 3.2 | 3.7 | 3.0 | 9.21|13.23) 8.3 
diated yeast was fed. , | 

8-10th wks. after irra- 249.0/292.8'237.6| 3.2 | 3.8 | 3.2 | 7.97|10.69) 7.52 
diated yeast feeding | 
was started. | | 

33-35th wks. after ir- 176.2233.8201.1) 3.3 | 3.7 | 
radiated yeast feed- 
ing was started. 





| 
| lbs. | 





| 


| 


3.1 | 5.75) 8.57) 6.17 











depressed the percentage of milk fat and raised the antirachitic 
potency of the butter.’’ Golding (22) reported that the fat con- 
tent of cow’s milk can be reduced by feeding more than 4 to 6 
ounces of cod liver oil per cow per day. He found no such fat 
reduction when the unsaponifiable fraction of cod liver oil, 
equivalent to 8 ounces of cod liver oil, was put into solution in 
peanut oil, nor when a commercial preparation of the vitamin 
fraction of cod liver oil was fed in the same way. 

Data similar to the above have been obtained in this laboratory 
in connection with other experiments which have entirely confirmed 
the aforementioned citations. Table VII gives the production of 
milk and butter fat at stated periods from our cows which received 
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200 gm. of irradiated yeast daily. It will be noted from the records 
that there resulted no reduction in the percentage of fat, nor a 
rapid falling off in the amount of milk produced. As a matter of 
fact, the milk flow was remarkably well maintained. It is there- 
fore evident that the depression in the butter fat content of milk 
resulting from the feeding of cod liver oil is not due to its vitamin D 
content per se. 

Our observations on the increase of vitamin D in milk by the 
feeding of irradiated yeast do not stand isolated. Since our work 
was completed, Wachdel (23) has published data which lead him 
to claim that not only was the vitamin D content of the milk 
increased, but the milk yield as well. It seems reasonably safe, 
therefore, to conclude that irradiated yeast can be used as a satis- 
factory source of vitamin D for the enrichment of milk in this 
dietary essential. 


SUMMARY. 


50 gm. of irradiated yeast fed to cows were found to increase the 
antirachitic potency of milk. Even 200 gm. of yeast did not lower 
the milk production nor did it decrease the butter fat content. 
When the amount of yeast was reduced to 10 gm. daily, a slight 
effect on the antirachitic potency of the butter fat was still notice- 
able. This effect was not clearly demonstrable on the milk. 180 
gm. of cod liver oil produced similar results to 10 gm. of yeast. 
It appears that the feeding of a standardized irradiated yeast 
may be considered as a practical measure for the production of a 
milk of standard antirachitic potency. It remains to be demon- 
strated whether irradiated yeast can be effectively used for the 
same purpose in the human dietary. 
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THE CONDUCTANCE AND ACTIVITY COEFFICIENTS OF 
GLUTAMIC AND ASPARTIC ACIDS AND THEIR 
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In this paper the results of the measurements of the conductivity 
at 0° and of the freezing point of dilute aqueous solutions of 
aspartic and glutamic acids and their monosodium salts are 
reported. The results are interpreted with the aid of modern 
thermodynamic methods. It is shown that we must assume the 
existence of neutral micelles! to explain the results obtained with 
the free amino acids while the data for the salts may be explained 
on the assumption of ionic micelles alone. The high degree of 
ionization of the salts in dilute solutions makes it improbable that 
neutral micelles exist to an appreciable extent. 

In recent years the dissociation constants of most of the natu- 
rally occurring amino acids have become available (1). Data for 
the activity coefficients of these substances have not yet been 
obtained. Studies on the activity coefficients of soap solutions 
(2), alkali silicate solutions (3), and certain weak electrolytes (4) 
have been reported. Adair (5) and Stadie and Sunderman (6) 
have reported activity data dealing with hemoglobin. 


Apparatus and Experimental Methods. 


The procedure consisted in determining the freezing point 
depression of dilute solutions of the amino acids or their mono- 
sodium salts by means of a modification of the differential method 


* Aided in part by a grant from the Chemical Foundation, Incorporated. 

1 We have used the term micelle to denote an aggregation of molecules or 
of ions which in a solution act asa unit. The terms micelle or aggregate are 
used interchangeably. 
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described by Adams (7). The essential features are: (a) thorough 
mixing of the solution with a large amount of chipped ice, (6) 
determination with a multiple junction thermoelement and sensi- 
tive potentiometer of the difference between the equilibrium tem- 
peratures of ice solution of amino acid and ice water, (c) analysis 
of the equilibrium solution by means of a highly sensitive conduc- 
tivity apparatus. 

The equipment used consisted of the identical instruments used 
by Randall and Vanselow (8) and later improved by Randall and 
Scott (9). The freezing point assembly needs no further descrip- 
tion except to add that the thermocouple was rechecked against 
melting ice and melting mercury. Exact agreement with previous 
calibration was obtained. The source of the 1000 cycle current 
was a modified Bell telephone circuit with a two bulb audion 
oscillator and a two bulb amplifier to intensify the circuit across 
the bridge. The method of Jones and Josephs (10) for balancing 
out the capacity effects was employed. The calibrations of the 
slide wire, the resistance box, and the potentiometer as determined 
by previous workers were accepted as correct. The procedure of 
Parker and Parker (11) was used in calibrating the conductivity 
cells by means of potassium chloride solutions. The Pyrex 
conductivity cells were maintained at 0° by immersion in an ice- 
water mixture kept in a gallon thermos jar. Efficient circulation 
was maintained by a revolving screw enclosed in a well. 

In carrying out freezing point estimations, a mixture of washed 
chipped ice and conductivity water was placed in each of the two 
Dewar flasks. The flasks were evacuated for 15 minutes with 
stirring and air which had been passed over soda lime and phos- 
phorus pentoxide was then admitted. After equilibrium had been 
attained and indicated by a very small and constant potential, 
portions of the chilled stock solution were added to the contents of 
one flask and after equilibrium had again been attained, the tem- 
perature difference between the contents of the two flasks was 
determined. A portion of the solution in equilibrium with ice 
was then used for conductivity measurement in order to estimate 
its concentration. To make certain at the beginning that the ap- 
paratus was functioning correctly the measurements of Randall 
and Vanselow (8) with hydrochloric acid were repeated and exact 
agreement with their results was obtained. 
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Glutamic acid was prepared from Ajinomoto according to the 
procedure of Schmidt and Foster (12). The aspartic acid was a 
Kahlbaum preparation. The amino acids were recrystallized three 
times from conductivity water. The products gave within experi- 
mental limits theoretical nitrogen values and were ash-free. The 
monosodium salts were prepared by adding calculated weights of the 
amino acids to approximately 0.15 m sodium hydroxide solutions. 
As soon as solution was complete the preparations were cooled and 
kept at 0° until used. The sodium hydroxide solution was pre- 
pared by distilling metallic sodium in vacuo and adding it to con- 
ductivity water in an atmosphere of nitrogen. The resulting 
solution was standardized against Bureau of Standards’ benzoic 
acid, fused before use. The specific conductivity of the several 
samples of freshly redistilled water averaged about 0.4 X 10-° 
mhos. 

In carrying out conductivity measurements solutions of each 
of the two amino acids and their monosodium salts were prepared 
by diluting the stock solutions, weight burettes for purposes of 
measurement being used. Conductivity readings were made 
at 30 minute intervals until the values obtained checked to 1 
part in 50,000 which was the limiting sensitivity with the apparatus 
employed. 


Conductivity Data. 


In order to evaluate the conductivity results in terms of molality 
in the freezing point measurements the logarithm of the molality 
was plotted against the logarithm of the conductance according to 
the procedure of Randall and Scott (9). The slope of the nearly 
straight line thus obtained was used in the formula 


log m = alogc +b (1) 


where m = molality, c = conductance, b = a constant, and a = 
the slope of the curve. A second plot of log c against b was then 
made. This is very sensitive to changes in conductance. The 
graphs were used in the reverse order to estimate the concentra- 
tion of amino acid in the freezing point measurements. In eval- 
uating conductance values in terms of molality due regard was 
paid to the resistance of the lead wires, conductance of the 
water, and calibration of the measuring instruments. The lead 
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Fig. 1. Specific conductance of aspartic and glutamic acids at 0°. 
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Fic. 2. Specific conductance of the solutions of the monosodium salts of 
aspartic and glutamic acids at 0°. 
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0.01- 
0 j 
0 10 20 30 40 50 


Fig. 3. Equivalent conductances of the solutions of aspartic and glu- 
tamic acids at 0°. 
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Ftc. 4. Equivalent conductance of solutions of the monosodium salts 
of aspartic and glutamic acids. 
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TABLE I. 





Transference Numbers and Degree of Ionization of Aspartic and Glutamic 
Acids and their Monosodium Salts at 0°.* 





























- | e | s | 
Substance analyzed. m | = - 4 { | "a | | Z | 
} = | | 8 | | 
ee SS a za! <= | st = | 
Aspartic acid. 10 — | 236.5 | 1.00 | 13.96 | 0.941) 0.059 | 
0.005) 26.7 | 0.113) | | 
0.01 | 17.6 | 0.074 | | | 
0.02} 11.5) 0.048) 
| 0.03 | 9.0 | 0.038] | 0. 
— es —E OT —_ ne a = 
= | € eI 
} | = } = | S 
| | § |g | 8 
| | 3 | 2 | 5 | 
a a Se cl 
Glutamic acid. 10 | 233.8 | 1.00 | 11.3 | 0.953| 0.047 
0.005) 16.0 | 0.068 
10.01 | 10.3 | 0.044 
| 0.02} 6.7 | 0.029 
0.03 | 5.3 | 0.022 
| 0.05| 4.0 | 0.017 
rien ee ee ee ee ee 
| | eg] | s , 
| | i] ; F 
| = 15 pel 
| = | = 1% 
|} | A : 
| | x | % A 
Sodium aspartate. | 0 | 39.76 1.00 | 13.96 | 0.646, 0.354 | 
0.005, 38.80) 0.975 | 
0.01 | 37.94 0.954 
|0.02| 36.68) 0.923 | 
| 0.05 | 34.37) 0.865) | | 
0.10 | 

















7.25t 
2.48 
2.05 
1.73 
1.49 
1.47 
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TABLE I—Concluded. 


enusttnneneton ; 





| 




















| | 2 } 

| | & | ¢ | . 

| | 3 2 | & 
Substance analyzed. | m | * a E "H+ | 3 s 

| | 3 1g 13 a 

} | ¥ | Z 21% 

| m = = x 
Sodium glutamate. | 0 | 37.10} 1.00 | 11.3 | 0.696) 0.304 | 

0.005] 35.90) 0.968 | | 

0.01 | 34.88] 0.940 | | 

| 0.02 | 33.80] 0.911 | 

| 0.05 | 31.78) 0.857 | | 

0.10 | 29.86) 0.805 | 





* The following values taken from “International Critical Tables of 
Numerical Data, Physics, Chemistry and Technology,’’ New York and 
London, 6, 232 and 241 (1926) were used in the calculations. 

+ Unpublished values at 0° by method of titration curves. 


Sodium chloride. Hydrochloric acid. 
A° = 66.6 mhos A° = 262.4 
“NaCl HCl 
ny. = 0.387 y+ = 0.848 
Ae = 25.8 mhos At = 222.5 
Na* Ht 


specific conductance 





In the above table A = ; 
molality 


specific conductance 





A; = ~ 
concentration 


For all practical purposes A° = A? 


wires were calibrated by filling the conductivity cells with mercury 
and determining the resistance of the circuit. The electromotive 
force readings were translated into temperature differences with 
the aid of the equation employed by Randall and Vanselow (8). 

In Figs. 1 to 4 the specific conductance and the weight molal 
conductance of aspartic and glutamic acids and their monosodium 
salts are shown graphically. These need no further comment 
except to note the general similarity of the curves, which is to be 
expected in view of the close chemical relationship of these two 
amino acids. 
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By using known mobility data relating to hydrochloric acid and 
to sodium chloride (see foot-note to Table I) the equivalent con- 
ductance at infinite dilution and at 0° of hydrochloric acid and of 
sodium chloride was calculated to be 262.4 mhos and 66.6 mhos 
respectively. Since the transference numbers of the cations 
(mq+ and ny,+) under the same conditions are respectively 0.848 
and 0.387, the ionic conductance at infinite dilution of the hydro- 


14+ 


12F | 
| \ 











x O=Experimental curve 
8 x= Theoretical curve 
_ SF 
Jj 
m* 
4h 
2 5 
0 l 1 1 1 
0 0.04 0.08 012 016 


m? 


Fic. 5. Freezing point function for aspartic acid. 


gen ion and of the sodium ion are respectively 222.5 mhos and 
25.8 mhos. As shown in Fig. 4 the equivalent conductance at 
infinite dilution of sodium aspartate and of sodium glutamate are 
respectively 39.76 mhos and 37.10 mhos. It follows that at infi- 
nite dilution and 0° the ionic conductances (A°) of the aspartate 
ion and of the glutamate ion are respectively 13.96 mhos and 
11.30 mhos. The transference numbers under the same condi- 
tions are: Masparateion = 0.354 and Mgutamateion = 0.304. These 
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data are assembled in Table I. In the third column of Table I 
are given values for a, the classical measure of the degree of ioniza- 
tion calculated from the formula a = ra These values assume 


that the ionic mobilities are independent of the concentration. 
This is not strictly true in view of the micellation which we shall 
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Fic. 6. Freezing point function for glutamic acid. 


show takes place and varies with the concentration of the salts 
of the amino acids. 

In the case of the free amino acids direct extrapolation of the 
equivalent conductance at infinite dilution is not possible but by 
adding the conductances of the two ions accurate values can be 
obtained and the degree of ionization and transference numbers 
can be calculated. These are givenin Table I. It is evident that 
aspartic acid and glutamic acid are but slightly ionized even at 





TABLE II. 
Freezing Point Function. 








Substance analyzed. 


m 





@ 





Glutamic acid. 


Sodium aspartate. 


0.003034 
0.007618 
0.008019 
0.008845 
0.011044 
0.012124 
0.013402 
0.014943 
0.015760 
0.016602 
0.016780 
0.017870 
0.025301 
0.027420 


0.002301 
0.002809 
0.004549 
0.005706 
0.009158 
0.013737 
0.013839 
0.014096 
0.017930 
0.019080 
0.019588 
0.021188 
0.024198 
0.024268 
0.025274 
0.027320 
0.028200 
0.029251 
0.032947 


0.009332 
0.008830 
0.017748 
0.018121 
0.025200 
0.026635 
0.034385 
| 0.042200 
| 0.051056 


0.006070 
0.015596 
0.014837 
0.014533 
0.021453 
0.035475 
0.022394 
0.026407 
0.021603 
0.028804 
0.028340 
0.030642 
0.041624 
0.045457 


0.004711 
0.005029 
0.008362 
0.010270 
0.016427 
0.024060 
0.024367 
0.025978 
0.031450 
0.034318 
0.034740 
0.036823 
0.041950 
0.043534 
0.043865 
0.048702 
0.049810 
0.048723 
0.057207 


0.032626 
0.034012 
0.060908 
0.064696 
0.086020 
0.093540 
0.118370 
0.143840 
0.174600 
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TABLE I1—Concluded. 

















Substance analyzed. m | 6 & aie 
| | a 

Sodium glutamate. | 0.007503 | 0.026118 3.48 | 0.730 
| 0.008789 | 0.030242 3.43 | 0.789 

| 0.013675 | 0.046828 3.42 | 0.672 

0.019814 | 0.067309 3.40 0.611 

| 0.030900 | 0.104710 3.39 0.501 

0.046064 | 0.152575 3.32 0.507 

| 0.046448 | 0.156750 3.38 0.425 

| 0.056117 | 0.186630 3.33 0.442 

| 0.089275 | 0.298880 3.34 | 0.331 

| 0.097670 | 0.326710 3.34 | 0.319 








* Equilibrium probably was not reached. Hence these values are 
probably not reliable. 


low concentrations while the sodium salts are as highly ionized as 
most inorganic uniunivalent salts. 


Activity Coefficients of Aspartic and of Glutamic Acids. 
In Figs. 5 and 6 the values of - (freezing point function) 


((13) p. 326) are plotted against the values for m’. All necessary 
data are given in Table II. Values for j are obtained from the 
equation 


: (2) 





where vy = the number of ion molecules formed by the dissociation 
of a molecule, \ = the molal lowering of the freezing point at infi- 
nite dilution (1.858), m = the molality, and @ = the freezing 
point lowering. The ratio between a given molal lowering and the 
molal lowering at infinite dilution is given by —— In calculat- 
ing the experimental values for j the assumption was made that the 
value for v is equal to 2. This assumes that the ionization of the 
second carboxyl group is negligible as compared with the first. 
The free acids are thus assumed to be uniunivalent electrolytes. 

In Figs. 5 and 6 values for a theoretical curve have also been 
plotted. The calculation of the theoretical curves demands some 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXXXVIII, NO. 1 











226 Conductance and Activity Coefficients 


explanation. In developing the ideas of the activities of strong 
electrolytes, Lewis and Randall ((13) p. 326) showed that it was 
most convenient to define the activity of the undissociated part of 
an electrolyte as the geometrical mean of the activities of the ions 
and moreover the activity of the ion was defined as being equal to 
the stoichiometric molality of the ion when the concentration is 
very low. 

It has recently been shown by Randall and Allen (14) that this 
same convention is convenient for the definition of the activity 
of the weak electrolytes. 

On page 995 of Randall and Young’s (15) article the values of m, 
6, and log y are given for hydrochloric acid. Using these data at 
various values of m;, the ¢oncentration of the ionized part, Randall 
and Allen (14) have calculated y;, the mean activity coefficients 
of the ions of hydrochloric acid, 26;, the freezing point lowering 
due to the ions, and my, which they show to be equal to K,m,, 
where K, is the dissociation constant of a weak acid and m, is the 
molality of the undissociated part of the weak acid. The sum of 
m; and m, gives the total molality m, and the total freezing point 
depression @ is the sum of 26; and Am, since it was shown in the 
same article that at least for acetic acid @,, = Am,. The theoreti- 
eal curves of Figs. 5 and 6 have been calculated in this way which 
involves the assumptions that over the concentration range studied 
the mean activity coefficient of the ions of a partially dissociated 
uniunivalent electrolyte is the same as that of a solution such as 
hydrochloric acid at the same ionic strength (7.e. } = mZ? where 
m; represents the molality of the 7" kind of ion and Z its valence) 
and that the ions and the undissociated molecules exert an inde- 
pendent effect on the freezing point. For very low concentrations 
use may be made of the relation: 


log y = log v., + loge (3) 


where y is the stoichiometric activity coefficient defined with 
reference to an infinitely dilute solution, y. is the activity coeffi- 
cient of a strong acid, e.g. hydrochloric acid, at the same ionic 
strength, a is the degree of dissociation defined by the equation 

(m vy, «)? 


— (4) 


m—- ma 
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which is essentially the dissociation constant used by Sherrill and 
Noyes (16). 

For aspartic acid, the value 2 X 10-4 and for glutamic acid the 
value 6 X 10-5 have been used for the primary acid dissociation 


constants at 25°.2. In plotting our dotted theoretical curves, we 


% t 
18 K=0 


K=10° 


K =10°* 


oI 

















l l l 
. 0.1 0.2 0.3 


m= 


Fic. 7. Freezing point functions for electrolytes having various dissocia- 
tion constants. 


have taken these same values at 0°. These have been taken from 
the tables of Kirk and Schmidt (1). 
* Since the completion of the calculations contained in this paper we have 


obtained values for the apparent dissociation constants of aspartic and 
glutamic acids at 0°. Use of the 25° values does not affect the values for 
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In Fig. 7 curves for = against m! have been plotted with various 


values for K assumed. The upper curve (designated K = 0) is 
for anacid having a zero dissociation constant and whose activity is 
proportional to the molality. In other words, this is the theoret- 
ical curve for a typical non-electrolyte which forms a perfect 
solution with water and whose activity is defined as though it dis- 











a ° 
. g=Glutamic acid —_— 
4 a=Aspartic acid 6 
j 3 
m? 
2 
1 
0 L I l l j 
0 1 4 5 


-log K 


Fic. 8. A plot showing the relation between freezing point function at 0.01 
M and the logarithm of the dissociation constant for weak electrolytes. 
The broken circles indicate theoretical values for aspartic and glutamic acid 
while the solid circles immediately above indicate the experimental values 
for the same substances. © = theoretical, O = actual. 


sociated into two ions. For such a perfect solution of a limiting 
weak electrolyte 


— (5) 
m m 
since the value of vis taken asequalto2. In Fig. 3 of Randall and 
Allen’s paper (14) it is to be noted that the values of * at 0.01 u 


have been plotted only within the range in which their method of 





the activity coefficients of the undissociated part which are given in this 
paper by more than about 3 percent. C. L.A.S. 
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estimating AK from the freezing point data is most useful.’ In Fig. 
8 we have shown that if the plot is extended to substances having 
lower dissociation constants than 10-* the curve becomes as asymp- 


; i 
totic to = = 5 (form = 0.01). 
The most striking result of these measurements is that the values 
2 ats , . 
of :— for the two acids in concentrations greater than 0.01 M lie 


above the limiting curve, which in turn lies above the curve for 
acids having dissociation constants equal to that of either glutamic 
or aspartic acid. The change of dissociation constant between 
25° and 0° is not larger than 2-fold and does not affect the relative 
position of the curves. 


6 
In the light of ordinary conventions and the values of ms given 


. Oi : ° e je 
in Table II, or on the basis of our discussion of the values of me We 


see that these acids give in solution less than 1 molecule per aspar- 
tate or glutamate group, and this in molalities as low as 0.01 M. 
Neither the electrometric method nor the conductivity method of 
measuring the dissociation constant can of course tell us anything 
regarding the molecular weight of the undissociated acid. The 
assumption of ionic micelles alone, that is, the assumption that 
the aspartate ions formed by the dissociation of the acid agglomer- 


, ' je 
ate to form multicharged aggregates cannot explain a value of ) 
: 7 


less than 0.5, for this would still leave at least 1 molecule, namely 
the H+ formed by the dissociation of each molecule of acid (3). 

We shall now attempt to assign to the undissociated acids a 
degree of association (or of micellation), so imagined that the 
degree of association is smaller in the more dilute solution, and 
such that the correct measured freezing point lowering is ob- 
tained if the unassociated part and the associated part behave as 
perfect solutions and the dissociated part has the activity coeffi- 
cient of other typical weak electrolytes. In the next section we 
shall see that there is some micelle formation in the solutions of 


3 The results of this investigation show that the method of Randall and 
Allen (14) is applicable only to those weak electrolytes which are not 
aggregated in the unionized state. 
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the sodium salts, though the amount of micellation is small, and 
that at the ionic strength of the ionsin the solutions of the pure weak 
acids this should be negligible. To this extent our assumption of 
no micelles in the dissociated part is justified. The assumption 
which we are making is similar to that of the neutral micelles of 
McBain and Salmon (17). 

In Table II the interpolated freezing point lowerings of aspartic 
acid and of glutamic acid at three concentrations are given. By 
means of the dissociation constants and Equation 4 we have cal- 
culated these concentrations so that the ionized part is at a round 
molality and by interpolation of the data of Randall and Young 
(15) have determined the freezing point lowering of hydrochloric 
acid at these same ion concentrations. By subtracting this freez- 
ing point lowering due to the ions we determine the freezing point 
lowering due to the unionized part of the acids. We have here 
assumed that the freezing point lowering is the sum of independent 
effects due to the ions and the undissociated part, which assump- 
tion is justified by the calculations of Randall and Allen (14). 
We then substitute in the following equation‘ 


6. 


vy AX My 


(6) 





3 = a 


where j, is taken as zero to conform to the assumption of a perfect 
solution and solve for v,. This value is given in Column 7 of 
Table III and represents the average number of undissociated 
groups per unionized aspartate or glutamate radical. In the case 
of the aspartic acid the value of v, is as we predicted for micelle 
formation, largest at the lowest concentration, showing dissocia- 
tion of the neutral micelle. Over the concentration range used 
glutamic acid shows no decided change in the value for v, though 
the trend is the same as for aspartic acid. 

Equation 6, in which the value for 7, was placed equal to zero 
(Table III, Column 7), can be used in another manner. If v, be 
taken as unity (v, = 0 when m = 0) a value of j,, can be found and 
this divided by m, gives the freezing point function for the undis- 


* The calculation of », by means of Equation 6 is only approximate. It 
involves the same errors as are made in calculating the degree of dissocia- 
tion when the van’t Hoff factor 7 is used. See Lewis and Randall ((13) 
pp. 308, 341, and 346). 
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sociated part of the amino acids. This has been done in Columns 
8 and 9 of Table III. These results are plotted in Fig. 9. Un- 
certainty in the total freezing point depressions of the acid solu- 
tions makes it impossible to give values at lower values of m,. 
The activity coefficient of the undissociated part of the acids can 
be calculated with the aid of the equation 

-»  . § Pw e 


—dm (7) 
2.303 2.303 Jo Ma 





log v4 = — 


TABLE III. 
Degree of Association and Freezing Point Function of the Non-lonized Portion 
of Aspartic and Glutamic Acids. 





Ou | 
( exper-| a | 
imental! “ | 


(6) 


| | 
| | 

| m (mj; |%experi-| 99. 

my, | | i 
mental | 


Substance | +m 


analyzed. 


u) | my 


| 
| 
| 
(1) (2) (3) | (4) | (5) (7) | @® | ® 


——| | —— 











, | 
Aspar- |0.0016 0.011740. 0133410 023620. 00586)0. 017760. 814)0. 1855) 15.80 
tic 0.002 0.01817/0. 02017/0. 034200. 0073200. 02688 0. 798)0. 2032 11.17 
acid. (0.0025 /0.02810. on 050200. 00913)0. ae 78700. 2130) 7.58 
| 
Glu- 0 .000625)0 .00616)0. 006780. 0123210. 00230)0. 010020. 877\0. 1235)18.77 
tamic |0.0009 |0.01263)0. 01353)0. 0240410. 00331 0. 0207 30. 883.0. 1167/ 9.23 
acid. |0.0010 |0.01555)0. 01655)0. 02910). 00368 0. 025430. 881) 0. 1195, 7.68 
0.00117 |0.02133/0.0225 0. 039130. 00429/0. 03484/0.880.0. 1200) 5.63 

















: ae Ou 
* y, is calculated from the equation j, = 1 — ——— = 0. 
vy A My 





in which the value for 


t ju is calculated from the equation j, 


Vu u 


vy is taken as unity. 


In Table IV the calculations have been made at three round con- 
centrations of the undissociated part of the acid solutions. Rather 
arbitrary extrapolations have been made in obtaining the areas un- 
der the curves of Fig. 9. The calculation of v, which we have 
made is based upon two assumptions concerning the dissociation 
constants (1) of the acids which cannot be entirely true. First, 
the value was calculated by assuming that the activity of the undis- 
sociated part of the acids was given by its molality. Later we 
shall show that the activity coefficient of the undissociated part of 
the acids is considerably less than unity due to the considerable 
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degree of association. Second, the value for the dissociation con- 
stants determined for 25° was used for temperatures slightly below 


0°. Since in other systems the degree of association is markedly 
dependent on temperature (2), an appreciable error must have 


ie 


x=Glutamic Acid 
o=Aspartic Acid 


30F 


10- 











Mu 


Fic. 9. Freezing point function of the undissociated part of aspartic and 
glutamic acids in solution. 


resulted. The values in Table IV for y, are probably accurate 
to within 10 per cent. 

Significance of Dissociation Constants of an Acid Whose Union- 
ized Part Forms Micelles —Any attempt to invent a mechanism 
(18) which will explain the thermodynamic behavior of a weak acid 
must of necessity become more arbitrary the more complicated 
the mechanism which it is necessary to postulate. The mere 
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agreement of the results of the attempted mechanism with the 
experimental results, 7.e. measured freezing point lowering, is not a 
proof of the actuality of the mechanism, for thermodynamics does 
not depend upon a mechanism. In the case of acetic acid it was 
found profitable to postulate undissociated and ionized parts of 
the solution and these are related through the dissociation con- 
stants and the activity coefficients of the ions in a very convenient 
manner. But just as it proved unprofitable to attempt to deter- 
mine separately the concentration and activity coefficients of the 
parts of a strong electrolyte the number of empirical constants 
in the present example necessary to arrive at the measured freezing 


TABLE Iv. 
Activity Coefficients of the Undissociated Part of Aspartic and of 
Glutamic Acids. 








| | |} -« | 
~ 
| | 2/2 
Ju : J | _—_ | 
Substance analyzed. | ™y me Ju _ a = | Yu 
5 
| | | -|$ | 
| | | | 
—_—_—_—___—_—_—_— | — | } ————eeee [oe 
Aspartic acid. | 0.01 | 18.40 | 0.1840 |—0.0800/ —0.1378 | 0.606 
0.02 | 10.38 | 0.2076 |—0.0903) —0.1971 | 0.516 
| 0.03 | 7.10 | 0.2130 |-0.0006 —0.2348 | 0.471 
| 
| | | 
Glutamic acid. | 0.01 | 11.80 | 0.1180 |—0.0513) —0.1022 | 0.702 
| 0.02| 6.00 | 0.1200 |—0.0522) —0.1391 | 0.644 
0.03 | 3.90 | 0.1170 |—0.0509} —0.1604 | 0.615 








point is too large to be convenient. It would no doubt be possible 
by a method of approximations to so alter our dissociation con- 
stants and to make further assumptions so that the calculated 
result would more nearly give the measured freezing point at all 


concentrations. The curves - of Fig. 9 would probably have 


much smaller values as m = 0. Thus with our present values, 
K(x = Se 72) 


Ma Yu 
was arbitrarily taken constant for y, = 1 in our original calcula- 


tion of my. 


is not constant at various concentrations. It 
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We are thus forced to the expedient used for strong electrolytes; 
namely, to disregard the unionized part entirely and take az, the 
activity of the solute, equal to the product of the activities of the 
ions when these are defined in the ordinary manner. This pro- 
cedure will give correct results independent of a mechanism. 
However, we may well continue to use our former conventions 
of an undissociated part for approximate calculations. Further- 
more, in the present case these approximations will be less in error 
at room temperature than at 0° because the fraction micellated will 
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Fic. 10. A plot showing the differences in the areas between the theoreti- 


cal and the experimental curves for the freezing point functions of aspartic 
and glutamic acids. 


be less. At the same time we must remember that the tempera- 
ture coefficient of the “overall” activity coefficients (see y, Table V) 
will be greater than that of strong electrolytes because the partial 
molal heat of dilution is greater. 

We now return to the main problem of extrapolating the curves 
of Figs. 5 and 6. We shall attempt to assign a reasonable value to 
the activity coefficient at 0.01 m which we believe to be accurate 
to within 10 per cent. We shall calculate the area to m’ = 0.1m 
in twosteps. The first is calculated as the area under the curve of 
an acid of Kaspartie = 2 X 10-4 and Kgutamie = 6 X 10-*%. These 
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areas are then increased by the area of the curve of Fig. 10 which 
represents the difference between the measured curve and the 
theoretical curve. This difference must become zero at infinite 
dilution where the micellation is nil. The error in our assumption 
probably leads to an error not greater than 5 per cent in the total 
area. Areas at concentrations lower than 0.01 m have been 
similarly obtained by proper subtraction of areas. By algebrai- 
cally adding the quantities given in Columns 3, 4, and 5 of Table V 
the logarithm of,the “overall” activity coefficient y is obtained. 
In Column 6 the actual values for y for the two amino acids are 
given. It is probable that the uncertainty of these values does not 
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Fic. 11. Freezing point function for the monosodium salts of aspartic 
and glutamic acids. 


exceed 10 per cent at the lower concentrations and 5 per cent at 
the highest concentrations. In Column 7 we have given the inter- 
polated values for the freezing point depression and in Column 8 
values for the activity of the water ((13) p. 284) as calculated from 
the equation 


a, = — 0.004211 6 — 0.0000022 (8) 


Activity Coefficients of the Monosodium Salts of Aspartic and of 
Glutamic Acid. 


™ j 
In Fig. 11 the mi Versus m! curves are shown for the monosodium 


salts of aspartic and glutamic acids: Somewhat arbitrary extra- 
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polations to zero concentration as shown by the dotted portions of 
the curves have been made. This, however, affects the values of 
the activity coefficients to only a slight extent. The curves agree 
in trend with those for the sodium silicates (3) and the soaps (2)5 
and are interpreted as indicating the occurrence of association or 
micellation. That this association is ionic rather than molecular 


6 
is indicated by the values of a in Table II which are like those for 


strong electrolytes. However, there is no proof that molecular 
association does not occur also. The effect is quite small for the 
values of y for the two salts as given in Table V are but little below 
those for typical strong electrolytes. It does not seem feasible to 
attempt a calculation of the degree of association as was done for 
the free acids since we have no theoretical normal behavior on 
which to base the calculations. Any possible effect of this kind is 
included in our calculated ‘“‘overall’’ activity coefficient. A com- 


A 
parison of y in Table V and Ae in Table I with the corresponding 


values of a typical strong electrolyte shows that while the values of 
a for the monosodium salts of aspartic and of glutamic acid are 
about the same as that for a strong electrolyte, such as sodium 
chloride, the values of y are considerably lower, the effect probably 
being due to a small amount of micellation and to incomplete 
dissociation. 

It is remarkable that the sodium salts of these relatively simple 
amino acids should show any noticeable degree of micellation. As 
shown by the curves of Fig. 11 sodium glutamate which contains 
5 carbon atoms is slightly more micellated than sodium aspartate 
which contains 4 carbon atoms. 

On the other hand, it is noted that the values of y for aspartic 
and for glutamic acid are much smaller than the values for a. 


The value for z is about 0.75 for aspartic and 0.55 for glutamic 
Qa 
- m ‘ , 
acid. The values of KA = a rome a given in the last column of 


* In the paper by Randall, McBain, and White (2) an error was made in 
J . 
calculating the values of - at the lower concentrations and erroneous 


results for the activity coefficients were therefore obtained. Actually, 
the curves have the same shape as those of Fig. 11. 














TABLE V. 
Activity Coefficients of Aspartic and Glutamic Acids and Their Monosodium 
Salis at 0°.* 
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Aspartic acid. 





0.0025 | 8.93 | —0.1941) —0.4549] —0.0470 | 0.202 | 0. 00515| 0.99995 

0.0050 | | —0.2119) —0.5755| —0.0682 | 0.139 | 0.00952) 0.99990 

0.0075 | 5.76 | —0.2169| —0.6541) —0.0824 | 0.111 | 0.01396 0.99987 

0.010 | 5.09 | —0.2214| —0.7015| —0.0913 | 0.097 | 0.01822) 0.99982 

0.015 | 4.34 | —0.2311) —0.7797; —0.1059 | 0.076 | 0.02612) 0.99975 
| ¢ 


o 
© 
So 


| 
0.020 | 3.83 | —0.2355, —0.8367| —0.1163 | 0.065 | 0.03404) 0.99966 
0.025 | 3.50 | —0.2406) —0.8807) —0.1250 | 0.057 | 0.04149) 0.99960 
0.030 | 3.22 | —0.2425) —0.9182) —0.1326 | 0.051 | 0. ).04930 0.99952 


Glutamic acid. 








| 


0.0025 | —0.2063! —0.5333! —0.0334 | 0.169 | 




















| 9.50 | 0.00488) 0.99995 
0.0050 | 7.21 | 0.2215! 0.666 | 0.0500 | 0.116 | 0.00911) 0.99990 
0.0075 | 6.04 | —0.2273, —0.746 | —0.0609 | 0.092 | 0.01329] 0.99988 
0.01 | 5.21 | —0.2262) —0.805 | —0.0687 | 0.080 | 0.01781| 0.99982 
0.015 | 4.28 | —0.2278) —0.888 | —0.0794 | 0.064 | 0.02652) 0.99975 
0.020 | 3.75 | —0.2304) —0.948 | —0.0851 | 0.055 | 0.03492, 0.99965 
0.025 | 3.40 | 0.2326 —0.992 | —0.0903 | 0.048 | 0.04320 0.99957 
0.030 | 3.10 | —0.2332| —1.033 | —0.0945 | 0.044 | 0.05263, 0.99949 

Monosodium aspartate. 
0.01 | 0.625 | —0.0272| —0.0539| 0.830 | 0.03484) 0.99964 
0.02 | 0.551 | —0.0339| —0.0756 0.777 | 0.06853) 0.99933 
0.03 | 0.469 | —0.0353} —0.0903 0.750 | 0.10243) 0.99900 
0.04 | 0.407 | —0.0354) —0. 1006 0.731 | 0.13654) 0.99868 
0.05 | 0.357 | —0.0347| —0.1079 0.720 | 0. 17097) 0.99835 
0.06 | 0.314 | —0.0334) —0.1143 0.711 | 0.20581) 0.99800 

Monosodium glutamate. 
0.01 | 0.715 | —0.0310| —0.0568 0.817 | 0.03601) 0.99963 
0.02 | 0.622) -0. 0382| —0.0808 0.760 | 0.07148) 0.99930 
0.03 | 0.554 | —0.0422) —0.0970 0.726 | 0.10681| 0.99896 
0.04 | 0.502 | —0.0437| —0.1092 0.703 | 0.14214) 0.99862 
0.05 | 0.460 | —0.0447| —0.1191 0.686 | 0.17750, 0.99827 
0.06 | 0.422 | —0.0450| —0.1271 0.673 | 0.21294) 0.99797 




















* The activity coefficient y is calculated from the formula 











238 Conductance and Activity Coefficients 


Table I, show a tendency to a smaller value in the more concen- 
trated solution. This tendency is also shown by acetic acid 
((13) p. 310). The decrease in the case of the amino acids, how- 
ever, is much more marked and occurs at far lower concentrations. 
Pure acetic acid is assumed to consist of aggregated CH;COOH 
groups, and it is only reasonable to assume that in fairly concen- 
trated solutions the average degree of aggregation would be greater 
than unity. It is not unreasonable to suppose that pure, liquid 
supercooled aspartic and glutamic acids would consist of agglomer- 
ates which are much more stable and which probably contain a 
larger number of molecules than those of acetic acid. The reason 
that we are able to utilize with such great success the device of a 
dissociation constant in the case of acetic acid is because the 
agglomerates are practically completely dissociated into molecules 
containing a single CH;COOH group at concentrations as great as 
0.1 molal. 

Unless given otherwise the symbols used in this paper have the 
same meaning as given by Lewis and Randall ((13) p. 621). 


SUMMARY. 


1. Conductivity data for solutions of aspartic and glutamic acids 
and their monosodium salts at 0° are given. 

2. The transference numbers and the degree of ionization of 
aspartic and glutamic acids and their monosodium salts in solution 
at 0° have been calculated. The data indicate that the free acids 
are but little ionized while the sodium salts are highly ionized. 

3. Freezing point determinations with solutions of aspartic and 
glutamic acids and their monosodium salts have been carried out. 

4. These data have been used to calculate (a) the activity coeffi- 
cients of aspartic and glutamic acids and their monosodium salts in 
solution, considering them as uniunivalent electrolytes; (6) the 
activity coefficients of the undissociated part of aspartic and glu- 
tamic acids in solution. 

5. The data indicate that (a) the undissociated part of aspartic 
and glutamic acids in solutions exists to a considerable extent as 
neutral aggregates; (b) the ionized part of the monosodium salts of 
aspartic and glutamic acids in solution probably exists to a slight 
extent as ionic aggregates or micelles. 

6. It is pointed out that the use of the ‘‘overall” activity coeff- 
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cient avoids all the uncertainties involved in the arbitrary selection 


of 


a dissociation constant and gives a convenient measure of the 


activity of the solute. 


7. It is further shown that with weak acids which form micelles 


the dissociation constant is not a convenient quantity for exact 
calculations. 


= oO ol em w 
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INTRODUCTION, 


The present work is a continuation of the studies which have 
been carried out in this laboratory on the mode of combination of 
proteins with the inorganic elements. Previous reports have 
dealt with the compounds of proteins with the alkali metals (1) 
and the alkaline earth elements (2). Other workers have carried 
out investigations on the combination of proteins or their deriva- 
tives with copper (3-18), silver (14, 19-25), zine (24, 26-30), cobalt 
(16, 24, 31), cerium (32), lanthanum (18, 32), aluminum (16, 18), 
nickel (16), chromium (16), and gold (23). Our investigations 
have been extended to include the compounds which ferric iron 
forms with certain proteins, amino acids, and related substances. 


Among the early investigators Bunge (33), Schmiedeberg (34), and 
Ascoli (35) report that iron forms complex compounds with proteins and 
certain related substances. The work of Weinland (36) and his associates 
is also indicative of the ability of iron to form complexes, especially with 
carboxylic acids. The investigations of Belloni (37), Uspenski and Us- 
penskaja (38), Hopkins and Wann (39), Reed and Rice (40), and Gile and 
Carrero (41) indicate that citrates and probably tartrates form complex 
ions with ferric iron. Dakin (11) showed that hydroxyaspartic acid will 
prevent the precipitation of iron in the presence of excess of alkali. A 
similar observation was made for glycerol by Fischer (42). In recent times 
Starkenstein (43) and Starkenstein and Weden (44) have sought to correlate 
the pharmacology of iron with the form in which it is combined. Starken- 
stein believes that only anodic iron is pharmacologically active. Certain 
of his results will be discussed later. 


— 
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Iron has been used as a precipitant for certain protein fractions by 
Miiller (45) and by Réhmann and Shmamine (46). The work of Rona and 
Michaelis (47), Pauli and Flecker (48), Neumann (29), and Kondo and 
Hayashi (16) indicates that proteins will unite with iron to form undis- 
sociated salts. The ultrafiltration experiments of Heymann and Oppen- 
heimer (23) and of Schorn (24) indicate that some interaction occurs be- 
tween the albumin and ferric chloride. Bechhold (49) interprets this in 
terms of colloidal dispersion of ferric hydroxide. Freundlich and Lindau 
(50) interpret their experiments as indicating chemical combination 
between the protein and the iron. 


While most of the evidence available favors the idea that pro- 
teins form compounds with ferric iron that are but slightly dis- 
sociated (which may be construed as indicating complex salt 
formation) the groupings in the protein molecule that are re- 
sponsible for this union are not known. The work reported in 
this paper is an effort to determine the nature of the groups 
which may unite with ferric iron under certain definite conditions 
to form compounds having a low degree of dissociation. We 
have included a large number of compounds other than proteins 
and amino acids for the purpose of throwing light upon the factors 
involved in the formation of complex compounds of iron. The 
results are utilized in an attempt to account for the amount of iron 
with which certain proteins combine under definite conditions. 


EXPERIMENTAL. 


Two procedures have been followed in the present investigation. 
The first one consists in determining the concentration of ferric 
ion in the presence of the substance being tested. The color pro- 
duced with thiocyanate was utilized for this purpose. The 
second one consists in determining to which pole the iron migrates 
under the influence of an electric current. 

All paH measurements have been made by means of the glass 
electrode. This electrode was chosen in preference to the hydro- 
gen or the quinhydrone electrode in order to prevent any reducing 
effect on the ferric ions. The glass membranes were made in the 
manner described by MacInnes and Dole (51). One of the samples 
of soft glass that was in stock in this laboratory was found suit- 
able. Its composition is not known. The electromotive force 
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was measured by means of a vacuum tube potentiometer of the 
type described by Partridge (52). A few minor changes were 
made in his set-up in order to enable us to use a Leeds and Northrup 
student potentiometer instead of a voltmeter and a galvanometer 
instead of an ammeter. This arrangement proved very satis- 
factory. The results were accurate and reproducible to 1 milli- 
volt or a little less than 0.02 paH unit. 

The method employed in determining the ferric ion concen- 
tration consisted in adding the substances to be tested to a known 
solution of ferric iron. To this a standard amount of ammonium 
thiocyanate was added and the reaction was adjusted to a definite 
paH. The color of this solution was compared with that of a 
standard ferric thiocyanate solution. In every case the standard 
contained the same amount of thiocyanate and had the same paH 
as the solution compared with it. If the substance being tested 
formed a compound with iron (e.g. complex ion) which was less 
dissociated than ferric thiocyanate the color of the solution would 
be less intense than that of the standard. If the ferric compound 
was dissociated to a greater extent than ferric thiocyanate no 
appreciable effect on the color would be produced. It should 
be noted that at any one paH an equilibrium existed in these 
solutions between iron, thiocyanate, and the substance being 
tested. If any two of these and the paH were kept constant 
the effect of varying the concentration of the other could be 
determined. 

Except in those cases where the effect of varying paH was 
studied, all solutions were adjusted to a paH of 2.5. This is 
about the upper limit at which this method can be used con- 
veniently and accurately, due to the marked insolubility of ferric 
hydroxide and the susceptibility of the color to very slight changes 
in hydrogen ion concentration in more alkaline solutions. 

In all, 61 substances have been tested. Thirty-five of these 
reduced the intensity of the color. The remainder either showed 
no effect or slightly increased the color. This increase is probably 
due to the change in solvent and is characteristic of those sub- 
stances which possess a long carbon chain. Short carbon chains 
will produce the same effect at higher concentrations. 

The results which were obtained with substances having an effect 
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TABLE I. 
Effect of Varying the Amount of Ammonium Thiocyanate and Acidity of the 
Solution. 
ie | | Iron not 
5 | Sub- | 05a | I 
Substance added. | Tete! | Final | stance |NHCSN) 20%, | deter. | fe by 
| = » | : ence. 
_— |. 1 
ce. | cc. cc. mg. | mg. mg. 
0.01 «lactic acid. | 25 | 2.5 1.0) 1.0) 1.12 | 0.81} 0.31 
| 25 | 2.5 1.0} 0.5| 1. 2 | 0.78| 0.34 
| 2 | 2.5 1.0} 20! 1.12! 0.90} 0.22 
| 2 | 2.5 1.0| 3.0| 1.12!/ 0.93/ 0.19 
| 2 | 2.5 1.0) 4.0! 1.12) 0.94! 0.18 
| 2% | 25 1.0| 5.0] 1.12) 0.97) 0.15 
| 2 | 1.0 2.0} 1.0} 1.12} 1.12} 0.00 
| 2 | 0.0 2.0} 1.0/ 1.12 | 1.12| 0.00 
| 
0.01  B-hydroxy- | 2% | 2.5 0.5} 1.0| 1.12!) 1.14| —0.02 
butyric acid. 2% | 2.5 1.0) 1.0] 1.12) 1.15 | ~0.03 i 
2% | 2.5 2.0| 1.0] 1.12] 1.16 | —0.04 ‘ 
| 2% | 2.5 5.0| 1.0 1.13 | 1.14} —0.02 
| 25 | 2.5 | 10.0} 1.0] 1.12] 1.12} 0.00 
| 2% | 25 | 15.0] 1.0] 1.12 | 1.12 | 0.00 ‘ 
| ( 
0.01 m malonic acid. | 2 | 2.5 | 2.0] 1.0| 1.12] 0.78] 0.34 ( 
| 2 | 2.5 2.0} 5.0| 1.12] 0.81! 0.31 | 
| 2% | 25 | 20] 10.0] 1.12] 0.84] 0.28 
2 | 1.0 2.0} 1.0} 1.12] 1.12) 0.00 
0.005  tartarie| 25 | 2.5 0.5} 0.5} 1.12| 0.87| 0.25 
acid. | 2 | 25 | 0.5] 1.0] 1.12] 0.89) 0.23 g 
| 2 | 25>) 0.5] 2.0] 1.12] 0.90] 0.22 P 
2% | 2.5 0.5! 5.0] 1.12] 0.91) 0.21 . 
| 2% | 25 | 05] 100) 1.12] 097| 0.15 
| 9 | 10] 05!) 10! 1.12] 1.12 | 0.00 
| 
0.0025 m glycero- 2 | 2.5 2.0} 1.0} 1.12] 0.80| 0.32 I 
phosphoric acid. 25 2.5 2.0 5.0} 1.12| 0.86; 0.26 ( 
2% | 2.5 2.0} 10.0| 1.12] 0.95) 0.17 
2 | 1.0 2.0} 1.0] 1.12] 1.12) 0.00 
0.01 M aspartic acid. 25 5 2.0 0.5} 1.12| 0.89 0.23 
5 1. 
1. 
% 
1. 
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TABLE I—Concluded. 




















" | tron not 
‘ Sub- 0.5 mM | Iron 
smn | | | Ss i te, | GR 
ce. | ec. cc. mg. | mg. mg. 
1.52 per cent gela-| 25 | 2.5 | 2.0/ 1.0| 1.12) 0.79| 0.33 
tin* (dry weight). 25 | 2.5 2.0 3.0) 1.12) 0.86 0.26 
2% | 1.0 | 20] 1.0! 1.12| 1.12] 0.00 
1 per cent prota-| 25 | 2.5 5.0] 1.@/) 1.12] 0.95) 0.17 
mine. | 25 | 2.5.) 5.0] 5.0) 1.12] 1.08] 0.04 
| 25 | 2.5 5.0} 10.0) 1.12) 1.12 | 0.00 
| 2 | 1.0 5.0} 1.0| 1.12! 1.02] 0.10 
| 2 | 0. 5.0] 1.0) 1.12) 1.02] 0.10 











* The NH,SCN was 0.25 m in this case. 


in decreasing the color! of the ferric thiocyanate solution are pre- 
sented graphically in Figs. 1 to 7. It should be noted that in 
these experiments the amount of ammonium thiocyanate was kept 
constant. The effect of varying the amount of ammonium thio- 
cyanate and the acidity of the solution on the color of the mixture 
of iron thiocyanate and the individual substances tested is shown 
by the data given in Table I. In order not to make the table 
unduly lengthy the data for only one substance from each group 
of substances tested have been included. 

It is apparent from Fig. 1 that those substances which possess 
a hydroxyl group alpha to a carboxyl group markedly reduce the 
color of the ferric thiocyanate solution. Lactic acid is markedly 
effective in this respect. The corresponding unsubstituted acid, 
propionic, shows no effect on the color. This is not due to the 
fact that lactic acid is more highly ionized at the acidity em- 
ployed since no effect in producing a color change was shown by 
chloroacetic acid which is a stronger acid than lactic acid. The 
data in Table I show that on increasing the amount of ammonium 
thiocyanate in the mixture of ferric thiocyanate and lactic acid 


‘In the text we have used the expression “influencing the color” or ‘‘the 
effect on the color of the ferric thiocyanate’’ while in the figures the term 
“fron bound” is used. The amount of color change produced by a sub- 
stance under test was taken as a measure of the amount of iron bound in the 
form of a compound which is less dissociated than ferric thiocyanate. 
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the effect of the lactic acid in reducing the color is decreased. 
This is probably due to a shift in the equilibrium towards ferric 
thiocyanate. Increasing the acidity of the solution decreases the 
effect of the lactie acid due probably to the formation of un- 
ionized lactic acid from the iron combination. 

Fig. 1 also shows that if the hydroxyl group be moved back to 
the 8 position with respect to the carboxyl group as in hydracrylic 
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Fic. 1. Total iron present 1.12 mg.; total volume 25 cc.; Curve I, 0.01 Mm 
lactic acid; Curve IT, 0.01 m hydracrylie acid; Curve III, 0.01 Mm a@-hydroxy- 
butyric acid; Curve IV, 0.01 mw mandelic acid. 


acid the effect is much less pronounced. An analogous situation 
is found with the butyric acids. Butyrie acid shows no effect. 
The effect produced by a-hydroxybutyric acid is almost as marked 
as lactic acid. On the other hand addition of 8-hydroxybutyric 
acid? leads at first to a darkening of the color (see Table I) but the 
fact that this effect is overcome as the concentration of the acid 


? Kindly supplied to us by Dr. P. A. Levene. 











C. V. Smythe and C. L. A. Schmidt 247 


is increased indicates that it also exhibits a tendency to decrease 
the color of the ferric thiocyanate solution. Another a-hydroxy 
acid, mandelic, exerts a marked effect in decreasing the color of 
the solution. The corresponding unsubstituted acids, phenyl- 
acetic and p-hydroxyphenylacetic, show no effect. 

The effect of the dicarboxylic acids is indicated in Fig. 2. It is 








0.8r- 
. I 
0.7 
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cc. substances added 


Fic. 2. Total iron present 1.12 mg.; total volume 25 cc.; Curve I, 0.005 u 
oxalic acid; Curve II, 0.01 m malonic acid; Curve III, 0.01 m maleic acid; 
Curve IV, 0.01 m succinic acid; Curve V, 0.01 m glutaric acid; Curve VI, 
0.01 m adipic acid. 


evident that their structure is similar to that of the hydroxy 
acids. Thus in oxalie acid 
HO O 
* 4 
c—c 
(2) ()\ 
O OH 


the hydroxyl group on carbon (2) is alpha to carboxyl group (1) 
and similarly the hydroxyl group on carbon (1) is alpha to carboxyl 











248 Mode of Combination of Iron 


group (2). From this it is to be expected that oxalic acid would 
show a pronounced effect in decreasing the color of the ferric 
thiocyanate mixture. The curve bears out the prediction. It 
may be argued that oxalic acid decreases the color by reducing the 
ferric iron to the ferrous condition. However, the fact that the 
color can be restored after some minutes by the addition of hydro- 
chloric acid to a paH of 0.0 argues against this. If the oxalic acid 
is added to the iron solution and the mixture is heated in boiling 
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Fic. 3. Total iron present 1.12 mg.; total volume 25 cc.; Curve I, 0.0025 
M citric acid; Curve II, 0.005 m malic acid; Curve III, 0.005 m tartaric acid; 
Curve IV, 0.0025 m gluconic acid; Curve V, 0.0025 m saccharic acid. 


water for 15 minutes and then subjected to the thiocyanate test 
the color cannot be produced by the addition of hydrochloric 
acid to paH 0.0. This indicates that while reduction takes place 
at 100° it occurs very slowly, if at all, at room temperature. 
The fact that various investigators (36, 53, 54) have obtained 
complex salts of ferric iron with oxalates lends further support to 
the idea that we are dealing here with such a complex. 

From the curves shown in Fig. 2 it is evident that the introduc- 
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tion of CH: groups into the dicarboxylic acid molecule leads to a 
decrease in the ability to affect the color of the ferric thiocyanate 
solution. Thus malonic acid is less potent than oxalic acid. Com- 
plex ferrimalonates are well known (36, 55). It is to be noted that 
maleic acid shows a greater effect than the saturated succinic acid. 
An explanation for this will be advanced later. The data for 
malonie acid in Table I indicate that the effect of increased 
amounts of ammonium thiocyanate or of hydrogen ions is to de- 
crease the effect of malonic acid. 

The curves represented in Fig. 3 show that if a hydroxyl group 
is present in addition to more than one carboxyl group the effect 
which is shown is very great. Attention is called to the fact that 
the molality of the solutions used and the abscissa scale employed 
differ from those for the preceding substances. The effect of an 
additional hydroxyl group is well illustrated by a comparison of 
the results for malice acid with those for tartaric acid. As in 
other instances the addition of more ammonium thiocyanate or of 
hydrogen ions decreases the effect of a given quantity of tartaric 
acid (see Table I). 

Substances which possess hydroxyl groups, but which either 
are not acids or are very weak acids, such as glucose, glycerol, 
dihydroxyacetone, and boric acid exert no effect on the color. 
These results do not signify that the substances in question do not 
combine with ferric iron. They indicate that under the conditions 
of our experiments these substances are not effective in reducing 
the color of the ferric thiocyanate solution. Levulose was found 
to exert a slight effect. 

Certain inorganic acids, such as orthophosphoric, have a struc- 
ture very similar to hydroxy organic acids. Their structures may 
be represented by the following formule. 


(2) (2) _ 
(HO) / O (OH)/ O 
Le Fs / Vi 
P and R—CH—C 
HO OH OH/ 
(1) (1) 


The groupings numbered alike are analogous. In organic acids 
the hydroxyl group is in the @ position with respect to the carboxyl; 
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in phosphoric acid it is on the same atom. In addition, phos- 
phoric acid possesses another hydroxyl group. It was shown that 
a shift of the hydroxyl group from the a to the 8 position led to a 
decreased ability to affect the color of the ferric thiocyanate solu- 
tion. Conversely, it may be expected that the effectiveness is 
increased when the hydroxyl groups are attached to the phos- 
phorus atom as in phosphoric acid. The curves shown in Fig. 4 
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Fic. 4. Total iron present 1.12 mg.; total volume 25 cc.; Curve I, 0.0025 
M orthophosphoric acid; Curve II, 0.0025 m glycerophosphoric acid; Curve 
III, 0.0025 m pyrophosphoric acid; Curve IV, 0.0025 m metaphosphoric acid; 
Curve V, 0.005 m arsenic acid; Curve VI, 0.01 m sulfuric acid. 


bear out these statements. Complex iron phosphates are well 
known (36, 56). 

If one of the hydroxyl groups of orthophosphoric acid is replaced 
by glycerol the resulting glycerophosphoric acid shows a lessened 
effect on the color of the ferric thiocyanate solution. In pyrophos- 
phorie acid 2 molecules of orthophosphoric acid are united by the 
splitting off of a hydroxyl group from each. It is to be expected 
that its potency should be twice as great as that of glycerophos- 
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phoric acid. The data represented in Fig. 4 show that this is the 
order of magnitude. Metaphosphoric acid is less effective. The 
structure of arsenic acid is analogous to orthophosphoric acid. 
Its behavior also is similar to that of orthophosphorie acid. Sul- 
furic acid shows a slight effect on ferric thiocyanate. The result of 
increasing the concentration of ammonium thiocyanate or of 
hydrogen ions on the effect of a constant amount of glycero- 
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Fic. 5. Total iron present 1.12 mg.; total volume 25 cc.; Curve I, 6.01 m 
serine; Curve II, 0.01 m aspartic acid; Curve III, 0.01 m glutamic acid; 
Curve IV, 0.01 m asparagine; Curve V, 0.01 m creatine; Curve VI, 0.01 mM 
8-hydroxyglutamic acid. 


phosphoric acid (see Table I) is the same as in previously cited 
instances. 

The addition of glycine, alanine, 5-amino-valeric acid, tyrosine, 
oxyproline, lysine, arginine, histidine, and tryptophane respec- 
tively did not lead to a decrease in the color of the ferric thio- 
cyanate solution. In each instance a 0.01 molar solution of the 
amino acid was employed and as much as 10 cc. were added to 
make a total volume of 25 ce. Glycine anhydride, glycylglycine, 
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and leucylglycine showed no decreasing effect on the color of the 
ferric thiocyanate solution. The effect of cystine was not deter- 
mined on account of its insolubility at this acidity. Cysteine 
was not used because of the oxidation-reduction system which is 
set up in such solutions. It is known, however, that these two 
sulfur-containing amino acids do unite with iron (7, 8, 57-60). 
Taurine, cysteic acid, and isethionic acid all produce a slight 
darkening of the red color of the ferric thiocyanate solution. 
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Fic. 6. Total iron present 1.12 mg.; total volume 25 ec.; Curve I, 0.94 
per cent casein; Curve II, 1.00 per cent dephosphorized casein; Curve Iil, 
1.00 per cent dephosphorized casein plus the phosphoric acid split ‘off from 
it; Curve IV, 1.52 per cent gelatin. 


Fig. 5 shows that the effect of the addition of serine is slight but 
definite. The dicarboxylic acids, aspartic, glutamic, and hydroxy- 
glutamic, show a marked effect. It should be noted that this 
effect is much greater than that of the corresponding unsubstituted 
dicarboxylic acids. Asparagine shows a smaller effect than the 
corresponding amino acid. It might be expected from the similar- 
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ity of the guanido group | —C of arginine to a carboxyl 
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group that this amino acid should exhibit some effect. However, 
none was detected with a 0.01 molar solution. Creatine possesses 
this same group but it is much closer to the carboxyl group. It 
exhibits a slight effect. 

Casein dissolved in a 5.0 molar urea solution to a concentration 
of 1 per cent produces the marked effect shown by Curve I in Fig. 
6. Similar amounts of the urea solution alone produce only a 
slight darkening. The casein employed was prepared from milk 
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Fic. 7. Total iron present 1.12 mg.; total volume 25 cc.; Curve I, 1 per 
cent protamine sulfate; Curve II, 1 per cent protamine; Curve III, 0.0025 m 
yeast nucleic acid. 


by the Van Slyke and Baker (61) procedure with the modifications 
introduced by Greenberg and Schmidt (1). Its ash content was 
0.21 per cent. The effect of casein dephosphorized by treating it 
with alkali as outlined by Rimington (62) was not materially 
different from casein. The original casein contained 0.81 per cent 
of phosphorus when estimated by the Fiske and Subbarow method. 
The phosphorus content of dephosphorized casein was too small to 
estimate. It might be concluded that the phosphorus as it occurs 
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in casein does not participate in reducing the color of the ferric 
thiocyanate solution. However, as will be pointed out later this 
is probably not the case. 

The effect of a gelatin solution was much less than the effect of 
the solution of casein. The gelatin contained 0.05 per cent of ash 
and was free from phosphorus. It was prepared according to the 
procedure described by Northrop and Kunitz (63). 

The data relating to protamine and yeast nucleic acid are shown 
graphically in Fig. 7. It will be noted that a not inconsiderable 
part of the effect produced by protamine sulfate on the color of 
ferric thiocyanate is due to the presence of the sulfate radical. 
Removal of sulfuric acid by addition of barium led to a decreased 
effect. Yeast nucleic acid is very sparingly soluble in aqueous 
solution at the standard acidity employed but it dissolves readily 
in a 5.0 molar urea solution. When ferric chloride is added a 
precipitate containing iron forms. The results shown in Fig. 7 
were obtained by centrifuging to remove the precipitate after 
addition of ammonium thiocyanate. The supernatant liquid was 
used for the color comparison. 

The migration experiments were designed to check the results 
which were obtained from the experiments with ammonium thio- 
cyanate. If the iron in a solution containing (in addition to the 
iron) only the substance under test, is present in the anodic condi- 
tion as shown by migration experiments it must be combined in the 
form of a complex ion. On account of the acidity of the solutions 
employed it was not found feasible to carry out quantitative trans- 
ference experiments. 

In those cases where a sufficiently acid substance was being em- 
ployed the procedure used was as follows: The substance was 
placed in contact with an excess of freshly precipitated ferric 
hydroxide and permitted to stand for several hours. The excess 
ferric hydroxide was then removed by centrifuging. The clear 
solution was then placed in a three compartment transference cell 
of the type described by Greenberg and Schmidt (1) and a current 
of several millivolts was passed for a period of several hours. Plat- 
inum gauze was used as electrodes. The solution was then sepa- 
ratedinto three portions and each was analyzed foriron. Thesum 
of the iron contained in the three compartments should equal that 
contained in the original solution. If the substance to be tested 
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was not sufficiently acid to react with ferric hydroxide (e.g. casein) 
then ferric chloride was used instead. It was necessary to add less 
ferric chloride than would react with the casein in order that no 
excess of ionic iron was present. When it was desired to carry out 
migration experiments at a lower acidity alkali was added to the 
solution and any ferric hydroxide which was formed was removed. 
The presence of other electrolytes did not lead to any difficulty 
since transference experiments were not attempted. 

The iron was estimated colorimetrically as the thiocyanate. In 
some cases this could be done by the addition of a sufficient excess 
of hydrochloric acid to overcome the effect of the substance under 
test. In other cases it was necessary to ash the residue from the 
solution or to oxidize the material directly with potassium per- 
manganate, the iron serving as a catalyst for the oxidation. In 
the case of pyrophosphate it was necessary to hydrolyze with 
strong hydrochloric acid. Care had to be taken, particularly in 
the cathode compartment, to make certain that all of the iron was 
in the ferric condition. 

The results are presented in Table II. It will be seen that the 
iron dissolved in an acetic acid solution is cathodic at paH 2.5. 
If the acidity of the solution is decreased ferric hydroxide is 
precipitated. The experiments with lactic acid show that at paH 
2.0 the iron is cathodic but. if the acidity-of the solution is increased 
to paH 7.1 the iron becomes anodic. A decrease in the acidity of 
the solution to paH 8.4 leads to precipitation of the iron as the 
hydroxide. The data for mandelic acid are similar to those ob- 
tained with lactic acid. 

In the case of the dicarboxylic acids, oxalic and malonic, the iron 
is anodic even at a paH as low as 2.0. Malonic acid is unable to 
prevent the precipitation of ferric hydroxide at paH 6.0, but oxalic 
acid retains some iron at paH 6.5. As indicated in Table II the 
iron is also anodic at this acidity. ) 

The iron in a citric acid solution is anodic at paH values of 2.1 
and7.0. It precipitates as the hydroxide at paH 8.1. Tartariec acid 
also holds the iron as an anion at paH values of 2.1, 7.0, and 10.0. 
It is exceedingly difficult to precipitate this iron as the hydroxide. 
Experiments showed that with the concentrations given in Table II 
under paH 10.0 it was necessary to make the solution 3.0 molar 
with sodium hydroxide before the iron precipitated. If saccharic 
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acid is employed it is still more difficult to precipitate the iron. 
Indeed, in the concentrations shown in Table II it was found im- 
possible to precipitate ferric hydroxide even by making the solution 
10 molar with respect to sodium hydroxide. At acid reactions 
these solutions of ferric iron in tartaric and saccharie acids are 
yellowish and greenish yellow respectively. In alkaline solutions 
beginning about paH 10.0 for tartaric acid and higher for saecharic 
these solutions become a brilliant red. The tartaric solution 
remains red until the iron precipitates, but the saccharic acid loses 
its red color at high alkalinities and again assumes the greenish 
yellow color. 

It may be observed from Table II that the iron in a solution of 
orthophosphoric acid is cathodic at a paH of 1.9. Similarly, the 
iron in a glycerophosphorie acid solution is cathodic at paH 1.5, 
but the iron in a pyrophosphoric acid solution is anodic at this 
same acidity. Phosphorus determinations on the glycerophos- 
phoric acid solution at this paH show that it isanodic. If the paH 
of the glycerophosphoric acid solution is increased to 3.7 the iron 
becomes anodic and remains so at paH 7.0. The orthophosphoric 
acid solution cannot be similarly treated because ferric phosphate 
precipitates at paH 3.0. 

A 0.1 molar solution of glycine, alanine, or arginine will uot 
prevent the precipitation of ferric hydroxide at paH 5.0. Glu- 
tamic acid will retain some iron in solution at paH 5.0, but it is all 
precipitated at paH 6.0. As Table II shows this iron is cathodic 
at paH values of 2.7, 4.0, and 5.0. Aspartic acid retains a slight 
amount of iron even at paH 7.4. The amount is too small to 
determine accurately, but it seems to be definitely anodic. 

The iron in solutions of casein or gelatin moves with the protein, 
the direction depending on the paH of the solution. 

An explanation of these results will be found in the following 
section. 


DISCUSSION. 


In order that a ferric compound may be undissociated in the 
presence of an excess of thiocyanate it is necessary that some force, 
in addition to the usual valence bond, be acting upon the iron atom 
to hold it in position. We may call this force secondary valence, 
coordinative valence, the attraction of charges, or what you will. 
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If it is not present the iron will dissociate and form ferric thio- 
cyanate. We saw that adding propionic acid to a solution of an 
iron salt had no effect upon the subsequent color produced with 
ammonium thiocyanate. Similar amounts of lactic acid, how- 
* ever, markedly reduced the color. We must ascribe this difference 
in behavior to the hydroxyl group of the lactic acid. How does it 
produce this effect? 

We know that oxygen can become tetravalent and it may do so 
here. A simpler explanation, however, and one more in accord with 
our data would seem to be the following. It is possible to compute 
our residual charge on this oxygen atom in the manner proposed by 
Latimer and Porter (64). We may briefly illustrate their method. 
The electronic arrangement of this atom is as follows: 


H 


—CH 
| 


The oxygen atom has a kernel charge of 6+. We can see that it 
has 4 electrons free, 2 shared with hydrogen and 2 shared with car- 
bon. The hydrogen ion is considered sufficiently close to the cen- 
ter of the negative charges between it and the oxygen to just neu- 
tralize 1 electron. The 2 electrons shared with carbon will be 
shared not equally, but in the ratio of the kernel charges of oxygen 
and carbon. These are 6+ and 4+ respectively so that the 
oxygen will have 0.6 of these 2 electrons. It we sum up our posi- 
tive and negative charges we have, 6 — 4 — (2 X 3) — (2 X 0.6) 
= —0.2. According to this calculation the oxygen atom actually 
possesses a residual negative charge. This will exert an attraction 
on the positive iron atom and we may represent the compound 
formed as follows: 
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The zx here represents any negative group. This attraction in 
addition to the usual bond may be sufficient to prevent the dissocia- 
tion of iron. If we consider that the thiocyanide ion has the 
structure (SC = N)~ then ferric thiocyanate itself may be a com- 
pound of the type above. Its structure would then be 

SC=N 


: 


(z),Fe’ 


If the hydroxyl group in a hydroxy acid is moved back to the 
8-carbon atom, its residual charge remains the same, but the dis- 
tance between it and the iron has increased so that it produces a 
smaller effect. The same considerations will explain the effect of 
the dicarboxylic acids. 

If we apply this reasoning to the phosphoric acids we find that 
the oxygen atoms of the hydroxyl groups possess a residual charge 
of —0.09. If we consider that one hydroxyl group unites with the 
iron by means of the usual bond we have two groups left to furnish 
the additional attraction necessary to prevent the iron from disso- 
ciating. These groups are less negative than in the organic acids, 
but they have the advantage of being on the same atom as the va- 
lence bond. 

In sulfuric acid we have a different condition. Oxygen and 
sulfur each possesses a kernel charge of 6+. If we apply the above 
calculations we find that the oxygen atoms are exactly neutral. 
Sulfuric acid should then be unable to form undissociated ferric 
compounds under the conditions of our experiments. Actually 
we found that it did exhibit a slight effect. This effect is very 
small in comparison with the a-hydroxy acids or the phosphoric 
acids and may be due to the fact that although oxygen and sulfur 
each possesses a kernel charge of 6+ they are not exactly equal 
since oxygen has 4 of its electrons free while sulfur has all of its 
electrons shared. 

If we apply the above considerations to the monocarboxylic 
amino acids we find that if these acids exist in solution in what 
may be called the ‘‘classical’’ form 


NH, 
S 
(R—CH - COOH) 





fu 


ac 
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the nitrogen possesses a residual charge of —0.11. Then we would 
expect them to exhibit an effect in our experiments. However, if 
they exist in the form of the “Zwitter Ion” 


+ 
NH; 
4 


(R—CH - COO-) 


the residual charge on the nitrogen is +0.89. They should then 
exhibit no effect. We saw in the preceding sections that the mono- 
carboxylic amino acids exerted no detectable effect in the concen- 
trations tested. If these amino acids are in solutions that are on 
the alkaline side of their isoelectric point, then part of the nitrogen 
would exist as NH and should be effective. One cannot work 
with ferric iron at these reactions, however, because of the insolu- 
bility of ferric hydroxide. The effect should be readily detectable 
with such metals as copper, and certain of the work cited in the 
introduction indicates that such is the case. 

The dicarboxylic amino acids present a different situation. It 
was found that they produced an effect much greater than the cor- 
responding unsubstituted acids. This does not necessarily mean 
that the amino group takes any direct part in the union with iron. 
It will be readily grasped from the above discussion that in our ex- 
planation of these undissociated compounds we are considering that 
two factors are necessary. One of these isa valence bond, the other 
is an additional attraction from some other part of the molecule. 
Then, if other conditions are equal, the amount of iron compound 
formed is a function of the concentration of the group which unites 
with iron by means of the bond. If we consider succinic, maleic, 
and aspartic acids this point will become clear. In each of these 
acids one carboxyl group furnishes the bond, the other furnishes 
the additional attraction. Solutions of the same molality, at the 
same paH, differ only in the concentration of the group which 

o®? 
furnishes the bond | 7.e. —C . Since maleic acid is a stronger 
\o- 
acid then succinic, when brought to the same paH it will be more 
ionized and hence offers a greater concentration of the group 
which unites with iron. If aspartic acid exists as the “Zwitter 
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Ion” it offers a still greater concentration of this group, for at the 
paH tested (2.5) it would exist largely as 


+ 
NH; 
CCOH - CH; - CH - COO- 


Serine, however, which is isoelectric at paH 5.7 (65) would exist to 
a considerable extent as 


+ 
NH; 
CH; (OH) - CH - COOH 


at a paH of 2.5 It may be argued that saying that maleic acid is a 
stronger acid than succinic acid simply means that due to a differ- 
ence in the arrangement of its molecule the maleic acid has less 
attraction for hydrogen ion than succinic acid has. Then by the 
same reasoning it would have less attraction for a ferric ion, which 
would offset the advantage of its greater ionization. This reason- 
ing is probably correct, but there is this difference between ferric 
ion and hydrogen ion. Once the hydrogen ion forms a bond an 
additional attraction has no effect upon it, but the ferric ion 
is still susceptible to additional attraction and when this is 
present it may overcome the lessened attraction due to molecular 
arrangement. We may point out that the alkali metals would be 
expected to behave like hydrogen while the other metals would 
be expected to behave like iron. 

According to these considerations if some group is present to 
furnish the additional attraction, the strength of an acid is an 
important factor. This may explain why mandelic acid shows 
a greater effect than lactic acid and why lactic acid shows a slightly 
greater effect than a-hydroxybutyric acid. It will also help to 
explain the marked difference between an a- and a §-hydroxy 
acid for the latter is a weaker acid in addition to having the hy- 
droxyl farther from the carboxyl group. The same explanation 
applies to the dicarboxylic acids for the farther apart the two 
carboxyl groups are placed the weaker is the acid. 

It must be pointed out that this additional attraction which we 
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are considering is not entirely a matter of charge. In chloro- 
acetic acid, the chlorine atom possesses a residual negative charge 
and yet we detected no effect from it in our work. One would 
expect that chlorine would be less effective in this respect than 
equally negative nitrogen or oxygen for it has a kernel charge of 7+ 
in contrast to 5+ and 6+ respectively for the other two. This 
greater positive kernel charge would offer greater repulsion to the 
approach of a positively charged ion. This is in agreement with 
the fact that nitrogen and oxygen form onium compounds much 
more readily than chlorine does. 

The above considerations are entirely in accord with the results 
of our migration experiments. If we consider the dicarboxylic 
acids first, and picture the iron united in the manner suggested, we 
have 

O 


O 
XQ) (DZ 
c—c 


This iron is very slightly dissociated. If carboxyl group (2) ionizes 
then the iron is present in the anodic form. If the paH of the 
solution is such as to repress entirely the ionization of carboxyl (2) 
then the only iron that will move with an electric current is that 
which dissociates from the above compound and this will be posi- 
tively charged. Then by varying the paH we should be able to 
change the direction of migration of the iron. As shown in Table 
II this can be readily done. If we consider the results given there 
for glycerophosphoric acid we see that at paH 1.5 the iron is catho- 
dic. According to our interpretation this means that the only 
iron moving is that which is freed according to the following 
dissociation. 


RO Oo RO O 


Pp P + Fe (zr), 
J P% 
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Or, if we consider that x is different than the .glycerophosphoric 
radical we may have 


RO O RO O 
N. 4 4 
P Fad P + z= 
i. ™% 
4 0 - La 
# * / ‘ + 
ee Fe(z), HO----------- Fe(z) »-1 


Now, if the paH is increased to 3.7, the following dissociation is 
able to take place 


O OH Oo O- 
~~ + roe J 
P Pp +H* 


Yi 
RO O—Fe(z), RO O—Fe(z), 


and the iron becomes anodic. The reason that the iron in pyro- 
phosphoric acid is anodic at such a low acidity is that the second 
hydroxyl group of this acid is strongly acidic. It has a K, value 
of 1.1 X 10~°. 

In the case of lactic and mandelic acids the iron is anodic near 
the neutral point. We interpret this as indicating an ionization of 
the alcoholic hydroxyl group. Ordinarily this group is very 
weakly acidic and does not ionize until a much lower acidity is 
reached. This is in accord with the fact that the oxygen carries a 
residual negative charge, but if the iron neutralizes this charge it is 
then easier for the hydrogen to become ionic. 

We were unable to obtain anodic iron in glutamic acid solutions. 
This simply means that the iron is precipitated as the hydroxide 
before the second carboxyl group can be made to ionize. 

We are now in a position to apply the above results to casein. 
The groupings in the casein molecule which we would expect to 
unite with iron are the free carboxyl groups and whatever phos- 
phorus is present as a simple ester. Our casein preparation 
contained 0.81 per cent of phosphorus. Then a 0.94 per cent 
casein solution is 0.0025 molar with respect to phosphorus. On 
the basis of Rimington’s results (66) we may consider that two- 
thirds of this phosphorus is present as a simple ester. If we con- 
sider that the remaining one-third exerts no effect on our solutions, 
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then the active phosphorus is 0.0017 molar. We may assume that 
this phosphorus would exert the same effect as an equivalent 
amount of glycerophosphorie acid. Then from Fig. 4 (Curve II) 
we find that the phosphorus in 1 cc. of the casein solution would 
bind 0.08 mg. of iron. 

Casein also contains (67) 21.8 per cent glutamic acid, 10.5 per 
cent hydroxyglutamic acid, and 4.1 per cent aspartic acid. Then 
a 0.94 per cent solution of casein is 0.0139 molar with respect to 
glutamic acid, 0.0061 molar with respect to hydroxyglutamic 
acid, and 0.0029 molar with respect to aspartic acid. If we con- 
sider that one carboxyl group of each acid is united in the peptide 
linkage, then the other must be either free, or present as the amide. 
The amount of ammonia set free on hydrolysis may be taken as a 
measure of the amount of amide nitrogen in the protein. This is 
(67) 1.6 per cent or 0.0088 molar. If we consider that this am- 
monia is distributed between the glutamic, hydroxyglutamic, 
and aspartic acids in the ratio of their molalities then 0.0053 molar 
glutamic, 0.0023 molar hydroxyglutamic, and 0.0011 molar aspar- 
tic acids are present as amides. This leaves 0.0086 molar glu- 
tamic, 0.0038 molar hydroxyglutamic, and 0.0018 molar aspartic 
acid existing with one free carboxyl group. Now, if we consider 
that these groups exert the same effect that the free acids exert we 
find,’ from Fig. 5, that for 1 ec. of solution the glutamic acid will 
bind 0.07 mg. of iron, the hydroxyglutamie acid 0.04 mg. of iron, 
and the aspartic acid 0.02 mg. of iron. If we add to these the 
amount bound by the phosphorus we have a total of 0.21 mg. of 
iron bound. From Fig. 6 we find that 1 ec. of the casein solution 
actually bound 0.24 mg. of iron. This agreement is not especially 
good, but it does seem sufficiently good to be quite suggestive. 

Now, if the phosphorus is removed from the casein the product 
so obtained exhibits a behavior almost identical with that of the 
original product. Rimington (66) has shown that his alkali treat- 
ment, which we have followed, in addition to removing the phos- 
phorus also removes all of the amide nitrogen. Then, although 
we have lost phosphorus we have gained 0.0053 molar glutamic 


3 Since the concentration of amino acids used to plot the results in Fig. 5 
was 0.01 m the amount of iron bound by the respective amino acids at the 
lower molalities may be obtained with sufficient accuracy by dividing the 
values given in both ordinate and abscissa by 10. 
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acid, 0.0023 molar hydroxyglutamic acid, and 0.0011 molar aspar- 
tic acid. The above calculation showed that the phosphorus in 1 
ec. bound 0.08 mg. of iron. An inspection of Fig. 5 shows that the 
glutamic acid gained will bind 0.04 mg., the hydroxyglutamic acid 
0.03 mg., and the aspartic acid 0.01 mg. of iron for 1 ec. of solution. 
The net effect of the dephosphorization is thus very small. 

1 cc. of a solution containing 1 per cent of dephosphorized casein 
plus the phosphorus that had been removed from it bound 0.63 mg. 
of iron. Such a solution should contain all of the phosphorus as 
the orthophosphate. Then we would expect that 1 cc. of this solu- 
tion should be equivalent to 1 cc. of a 1 per cent dephosphorized 
casein solution plus 1 ec. of a 0.0025 molar orthophosphate solu- 
tion. From Figs. 4 and 6 we find that this should be 0.24 + 0.40 
= 0.64 mg. of iron. The agreement is excellent. 

If we apply a similar calculation in the case of gelatin the results 
are not nearly so good as those obtained with casein. This pro- 
tein contains (67) 5.8 per cent glutamic acid and 3.4 per cent 
aspartic acid. The solution used contained 1.52 per cent of 
gelatin. It is 0.0060 molar with respect to glutamic acid and 
0.0039 molar with respect to aspartic acid. The ammonia con- 
tent is 0.4 per cent (67) or 0.0036 molar. If this is divided between 
the glutamic and aspartic acids in the ratio of their molalities we 
are left with 0.0038 molar glutamic and 0.0025 molar aspartic acid. 
From Fig. 5 we can see that for 2 ec. of solution these would bind 
0.06 mg. and 0.05 mg. of iron respectively. 2 cc. of the gelatin 
solution, however, bound 0.33 mg. of iron. Analyses of gelatin 
have accounted for only 92.4 per cent of its total weight (67). If 
part of the remainder should prove to be dicarboxylic acids the 
agreement would be correspondingly improved. 

It might be pointed out that the proteins employed in our ex- 
periments, casein and gelatin, contain very little or no cystine. 
It was therefore unnecessary to consider the effect of this amino 
acid in binding iron. 

Brief mention should be made here of results on the migration of 
iron in various solutions recently reported by Starkenstein (43). 
A number of his results are in agreement with ours. Others 
would seem to be in disagreement, although this may be due to 
the fact that he has not stated the paH of his solutions. Thus 
he reports that lactic acid forms a complex with iron in which the 
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iron is anodic both in blood and in aqueous solutions. Our results 
indicate that in aqueous solutions the iron may be cathodic. He 
also states “Da die einfachen Aminosiiuren mit Eisen nur Kom- 
plexe bilden, bei denen das Eisen im Kation sitzt, bei dem inter- 
mediir gebildeten Ferri-Eiweiszkomplex das Eisen dagegen ein 
bestandiger Teil des Anions ist, k6nnen die einfachen Aminosiuren 
des Eiweiszmolekiils nicht diese Komplexbildung bedingen.”’ 
On the basis of our work we believe that this statement is quite 
erroneous. 


SUMMARY. 


A study of the substances which may unite with iron to form 
undissociated compounds is reported. The equilibrium between 
these substances, ammonium thiocyanate and ferric iron, the 
stability of the iron compounds to acid and alkali, and the migra- 
tion of the iron under the influence of an electric current have been 
investigated. 

The data suggest that those substances which possess a particu- 
lar grouping within their molecule will hold iron as an undissociated 
compound. The following classes of substances were found to 
possess this necessary grouping: hydroxymonocarboxylic acids 
(lactic, gluconic) ; dicarboxylic acids (oxalic, malonic) ; hydroxydi- 
carboxylic and hydroxytricarboxylic acids (tartaric, citric); amino 
acids which are also hydroxy or dicarboxylic acids (aspartic acid, 
serine); certain inorganic acids (phosphoric, arsenic); certain 
phosphorus-containing compounds (nucleic acid, glycerophos- 
phoric acid); and certain proteins (casein, gelatin). 

A correlation of the amount of iron bound by casein and gelatin 
with the groupings that are known to occur in their molecules is 
reported. 

An explanation, based on the residual charge of atoms, is sug- 
gested for the manner in which the iron may be united. 
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In previous papers it was shown by Chapman, Greenberg, and 
Schmidt (1) and by Rawlins and Schmidt (2) that within the limits 
of certain acidities the reaction between certain dyes and certain 
protein solutions takes place in stoichiometric proportions and is 
therefore chemical in nature. Hewitt (3) concludes from his 
experiments that salt formation between proteins and dyes takes 
place and that it is not necessary to postulate a physical adsorp- 
tion to explain any of the phenomena which he observed. The 
experiments of Stearn and Stearn (4) indicate that a chemical 
reaction takes place between dye ions and the oppositely charged 
ions of protein. 

Despite the fundamental statement of Langmuir (5) that “there 
is no present justification for dividing interatomic (or intermolecu- 
lar) forces into physical and chemicai forces. It is much more 
profitable to consider all such forces as strictly chemical in nature. 
Evaporation, condensation, solution, crystallization, adsorption, 
surface tension, etc., should all be regarded as typical chemical 
phenomena,” there is still a considerable number of workers who 
attempt to distinguish between adsorption and chemical com- 
bination.! If we assume for the moment that all interatomic reac- 
tions are chemical (as Langmuir does) we still must admit that 


* Aided by a grant from the Chemical Foundation Incorporated and the 
Research Board of the University of California. 

1 For the various theories which have been proposed to explain the phe- 
nomenon of dyeing and staining see Zacharias, P., Die Theorie der Far- 
bevorgiinge, Berlin, 195 (1908), and Pelet-Jolivet, L., Die Theorie des Farbe- 
prozesses, Dresden, 1 (1910). 
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some of these reactions involve primary valences of the atoms (or 
the molecules). The existence of primary valences may be demon- 
strated by demonstrating stoichiometric proportions. Other of 
these reactions involve secondary valences and forces which are 
more generally distributed throughout the space about the atom. 
These are manifested by solution, crystallization forces, ete. They 
may lack the quantitative aspect which reactions of primary 
valence have. We have considered it of interest to determine 
whether the reaction which takes place between gelatin granules 
and certan dyes belongs to the class of primary valence reactions 
or to the quantitatively less definite group of reactions such as 
adsorption, ete. 
Among the arguments advanced in favor of adsorption is that 
combination takes place in accord with the adsorption isotherm: 
1 
= KC" 


Risk 


Thus Grollman (6) concludes from his experiments that the com- 
bination between phenol red and certain proteins is a phenomenon 
of adsorption. An examination of Grollman’s data shows that in 
the experiments with gelatin and phenol red the solution of dye 
used was quite dilute and the amount of dye which was bound by 
the gelatin even at favorable acidities was but a small fraction of 
the amount which gelatin is capable of binding. Phenol red is a 
weak acid. The value for Ka is 1.2 X 10-*. It is therefore not 
unexpected that at acidities in which the maximum number of 
the basic groups of gelatin come into play the amount of phenol 
red which is bound should be less than that at acidities closer to 
the isoelectric point of gelatin. 

In our previous experiments on the mode of combination which 
takes place between certain proteins and dyes, protein solutions 
were employed. The system was homogenous. A few experi- 
ments were also carried out with gelatin granules. It was pointed 
out that time was a very important factor in attaining equilibrium 
in a heterogenous system of dye and protein. Due to the fact 
that in the staining of protoplasm and the dyeing of fabrics the 
system is not homogenous, we have considered it desirable to ex- 
tend our studies to heterogenous systems of protein and dye. In 
this paper comparisons are made between the nature of the reac- 
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tions which take place between certain dyes and gelatin solutions 
and gelatin granules. 

Gelatin was chosen for the reason that it is unique in that it 
can exist in solution or in particulate form under the same condi- 
tions of experimentation. The materials which were employed 
were the same as those which were previously described. The 
gelatin was isoelectric. It contained about 10 per cent of moisture. 
It was used in a concentration of about 0.18 per cent. The tech- 
nique consisted in weighing out two samples of gelatin and adding 
distilled water to a volume of 50 ce. One of the two samples of 
gelatin was dissolved with the aid of heat while the other remained 
in the form of granules. Both samples were now placed in a ther- 
mostat for several hours. In the concentrations employed the 
gelatin solution did not set toa gel. The gelatin granules did not 
dissolve to any appreciable extent except those which were heated 
to 28° and 30°. The amount which was dissolved at these tem- 
peratures was not large. A definite amount of 0.1 N hydrochloric 
acid was now added to all samples of gelatin. After standing a 
short time this was followed by addition of the desired amount of 
dye solution which had previously been brought to the same tem- 
perature as the flasks which contained the gelatin. Increasing 
amounts of dye were added to successive flasks containing the 
same amounts of gelatin in the form of granules and in solution. 
The dye was added with rapid stirring and this was continued for 
about a minute. The mixture was then allowed to stand for the 
desired length of time. 

The amount of dye which was present in the supernatant solu- 
tion was determined colorimetrically after the filtering off of the 
gelatin-dye granules or, in those cases where gelatin solutions 
were employed, the precipitates. Hydrochloric acid was added to 
the standard dye solution in order to eliminate the possible effect 
of these substances on the color of the dye. It was quite easy to 
match the colors of the unknown dye solution against the standard 
dye solution except over the range which we shall temporarily 
designate the “protective colloidal region.” In this region the 
colors did not match. In the protective colloidal region the pro- 
tein-dye compound did not precipitate and it was not until a 
further amount of dye was added that precipitation of the dye- 
protein compound took place. This protective colloidal effect 
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accounts for the S-shaped curves shown in Figs. 1 to 7. In order 
to obtain proper color readings in this region the following method 
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was employed: When on titrating gelatin solutions with dye the 


solution remained clear and no precipitate formed it was assumed 
that the dye was in solution (although in part or entirely combined 
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with gelatin) and this solution was taken as the standard for the 
colorimetric estimation of the dye in those solutions in which a 
precipitate did form but in which the protective colloidal effect 
still existed. The experiments were carried out not only at 
different temperatures but also at different acidities. 

The data which were obtained in the experiments with Biebrich 
scarlet and gelatin are graphically shown in Figs. 1 to 3. An 
inspection of the curves shows that the amount of dye absorbed 
by the gelatin granules is, within certain limits, dependent upon 
the time during which the gelatin granules are in contact with the 
dye. Thus in Fig. 1 the amount of dye which is taken up by the 


Absorption of Biebrich Scarlet 
by Gelatin Granules 








2 14 

x T=29°C paH=2.2 
zt Curve I=} hr 
° Zz I-1 ” 
°o bed m-6 Ty 

5 
a. W=24« 
ts W-96" 
2 w= Gelatin-Dye 
a 3 Titration Curve 
> 
Ss + 
o ®@ 
wu oe2 . 
xlE 05 i l 

6 


10 12 14 16 18 20 
in - Dye equiv. per Litre) x 10° 


Fra. 3. 


gelatin granules during a period of 1 hour is about one-third of 
that which the gelatin granules absorb during a period of 96 hours. 
A comparison of Curves I and II in Fig. 1 with the corresponding 
curves in Fig. 3 shows that at 21° more dye is absorbed by the 
gelatin granules during the half hour and 1 hour periods than is 
taken up during corresponding periods of time at 11°. A com- 
parison of Curves III in the same figures indicates that it is 
necessary that a greater concentration of dye be present in the 
solution at 11° than at 21° in order that the amount of dye ab- 
sorbed by the gelatin granules shall be the same. The final 
amount of dye absorbed by the gelatin granules at paH 2.2 is 
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essentially the same at 11° and 21° when the time during which 
the gelatin granules are in contact with the dye is extended to a 
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period of 96 hours. The amount of dye absorbed at paH 3.5 isa 
little less than the amount which the gelatin granules took up at 


paH 2.2. 





In both cases the temperature was 11°. The dotted 
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lines in Figs. 1 to 3 represent the gelatin-dye titration curves 
obtained with gelatin solutions. The 8 shape form of these curves 
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indicates a protective colloidal effect. The significance of this will 
be discussed later. It is significant that the maximum amount 
of Biebrich scarlet which was absorbed by the gelatin granules 
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when the time during which the gelatin granules were in contact 
with the dye was extended to a period of 96 or 120 hours was the 
same at the same acidities as the amount which was combined 
with gelatin when the latter was in solution. This is indicative 
of the fact that both reactions are the same and indicate chemical 
combination. 
Precipitation of Gelatin 
by Biebrich Scarlet 
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The experimental data obtained with tropeolin O and gelatin 
are graphically represented in Figs. 4 to 7. The data in a general 
sense corroborate the statements which have been made relative 
to Biebrich scarlet and gelatin. A comparison of Curves II in 
Figs. 4 and 5 shows that the amount of dye which was absorbed 
at 21° was not very different from the amount which was absorbed 
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at 11°. However, the effect of temperature in accelerating the 
equilibrium between dye and gelatin granules is shown by Curve 
Il of Fig. 6. The S shape form of Curve V of Fig. 6 indicates 
that due to the higher temperature employed some gelatin dis- 
solved during the 72 hour period and hence the protective col- 
loidal effect enters. A comparison of Curve V in Fig. 7 with 
Curve V in each of Figs. 4, 5, and 6 shows that less dye is absorbed 
by the gelatin granules at paH 3.5 than at paH 2.2. 

The S shape form of the dotted curve representing the dye 
titration curve with gelatin in solution in each of Figs. 4 to 7 is 
indicative of protective colloidal effect. From each of these 
figures it is apparent that the maximum amount of dye which is 
taken up by the gelatin granules at the maximum times indicated 
is essentially the same as that with which gelatin combined when 
the latter was in solution. In plotting the S-shaped curves we 
have not included the experimental points which form the basis 
of the curves. The reason for this lies in the difficulty of plotting 
the many experimental points which form the bases of these curves. 
In order to show how the S-shaped curves were obtained we have 
plotted in Fig. 8 the experimental data for the S-shaped curve shown 
in Fig. 1. Except within the protective colloidal region the experi- 
mental points were found to fall somewhat better along the plotted 
S-shaped curves of the gelatin solution titrations than the experi- 
mental points fall on the gelatin granules-dyes curves. It was 
found that within the limits of } and 120 hours time appeared to 
have no effect on the gelatin solution-dye titration curves. This 
is of interest since it indicates that no decomposition of gelatin 
took place and that in whatever way the gelatin solution may have 
changed on standing, 7.e. the change from molecules to micelles or 
aggregates, such a change exerted no effect on the combining 
capacity of gelatin for the dyes used. 

In Fig. 9 the data which were obtained with Biebrich scarlet 
and gelatin granules and represented graphically in Fig. 2 have 
been plotted on a logarithmic scale. Similar data obtained with 
tropeolin O and gelatin granules and represented in Fig. 4 have 
been plotted logarithmically in Fig. 10. We have also plotted 
the absorption data represented in Figs. 2 and 4 respectively on a 
negative logarithmic scale in Figs. 11 and 12 respectively. This 
method of plotting was employed by Grollman (6) and from the 
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fact that his curves were straight lines he interpreted this to indi- 
cate that the taking up of dye by gelatin granules is an adsorption 
phenomenon. 


An inspection of the curves in Figs. 9 and 10 indi- 
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cates that the curves which approach most nearly to a straight 
line are those which represent experiments in which the gelatin 
granules were permitted to remain in contact with the dye solu- 
tions for relatively short periods of time. However, the curves 
representing 24, 25, and 120 hour periods of time deviate consider- 
ably from straight lines. The same thing is shown by the curves 
which are represented in Figs 11 and 12. The facts show that 
when the amounts of Biebrich scarlet and tropeolin O which are 
absorbed by gelatin granules are large and represent the maximum 
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amount with which the gelatin can combine at the particular 
acidities employed the relation between the amount of dye which 
is taken up by the gelatin granules and the concentration of dye 
employed cannot be expressed by the adsorption formula. More- 
over, since the maximum amount of Biebrich scarlet and of tro- 
peolin O which gelatin granules absorbed at the acidities employed 
in our experiments was the same as that with which gelatin when 
in solution was found to combine, and since it has been shown that 
the latter process occurs in stoichiometric proportions and is 
therefore chemical in nature, it follows that the absorption of the 
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above dyes by gelatin granules is also dependent upon primary 
chemical forces. 

The data further show that surface appears to play no part in 
the final end-point of the reaction since it has been shown that 
changing the surface of gelatin from that of granules to that of 
molecules or aggregates did not affect the amount of dye with 
which the gelatin was able to combine. The apparent effect of 
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increasing the size of the gelatin unit was to increase the dis- 
tance through which the dye had to travel before it could reach 
and combine with the gelatin of the innermost part of the granules. 

Attention must be called to the fact that in our dye absorption 
experiments the effect of the Donnan membrane equilibrium be- 
tween dye and gelatin granules was not considered. This factor 
probably enters not only in our experiments but also in the experi- 
ments of others who have worked with similar systems. How- 
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ever, this factor probably does not enter to any appreciable ex- 
tent in such mixtures in which, at the acidities employed, the 
maximum amount of dye with which the gelatin can combine is 
taken up by the gelatin particles. This is due to the fact that the 
gelatin dye compounds form insoluble precipitates. 

It is seen from the dotted curves in Figs. 1 to 7 that although the 
dyes which were employed form insoluble compounds with gela- 
tin the precipitates do not appear until a certain concentration of 
dye had been employed. This is not a phenomenon analogous to 
supersaturation. While our experiments do not throw definite 
light upon this subject, a tentative hypothesis may be advanced. 
It is conceivable that the solubility of the gelatin is dependent 
upon an orientation of the acidic or basic groups of this protein 
to water. A few of these groups may be neutralized by combina- 
tion with dye and still enough of them will be left to permit the 
gelatin dye compound to remain in solution. On continued addi- 
tion of dye a point will be reached when there will not be a suffi- 
cient number of these groups left to permit the gelatin to remain 
in solution. Precipitation will then occur. At this point the 
maximum amount of dye with which the gelatin can combine will 
not necessarily have been taken up by the gelatin molecules. 
Some of the basic or acidic groups will still be free. On addition 
of further amounts of dye more dye will combine with gelatin 
until at the particular paH employed all of the groups will have 
been neutralized. 


SUMMARY. 


1. Experiments have been carried out to determine the effects 
of concentration of dye, temperature, time, and acidity on the 
amounts of Biebrich scarlet and of tropeolin O which gelatin 
granules can take up. 

2. It is shown that the amounts of dye which gelatin granules 
absorb are dependent on the time during which the granules are 
in contact with the dye, the acidity of the solution, and the con- 
centration of dye employed. 

3. The experiments show that at the acidities indicated the 
maximum amounts of the dyes which were taken up by gelatin 
granules at the maximum periods of time employed were the same 
as those which were found to combine with gelatin when the 
latter was in solution. 
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4. From this fact and the fact that the so called adsorption 
curves of gelatin with Biebrich scarlet and tropeolin O at the 
longer periods of time when plotted logarithmically are not straight 
lines, it is concluded that the phenomenon is not one of adsorption 
but is dependent upon primary chemical forces. 

5. A tentative hypothesis is advanced to explain the S-shaped 
curves (i.e. the protective colloidal effect) which were obtained 
when varying amounts of dye were added to gelatin solutions. 
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THE APPARENT DISSOCIATION CONSTANTS OF ARGI- 
NINE AND OF LYSINE AND THE APPARENT HEATS 
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In this paper the apparent dissociation constants of arginine 
and of lysine at 25° and the apparent dissociation constants of 
arginine, lysine, histidine, aspartic acid, and glutamic acid at 0° 
are reported. We have made use of these data together with pre- 
viously published data for the apparent dissociation constants of 
histidine, aspartic acid, and glutamic acid for the purpose of 
calculating the apparent heats of ionization of these amino acids. 

The technique employed for obtaining the titration curves was 
the same as that which has been described by Kirk and Schmidt 
(1) except that for the purpose of carrying out hydrogen ion 
activity measurements at 0° the calomel electrode, potassium 
chloride solution, and the hydrogen electrode vessel were immersed 
in an ice-water bath. A modified electrode vessel suitable for 
immersion in water was used. Uniform temperature was obtained 
by rapid stirring. For the purpose of determining the value of the 
calomel electrode at 0° the electromotive force of a hydrogen 
electrode immersed in a 0.01 N hydrochloric acid plus 0.09 n 
potassium chloride solution was determined. The relation 
between the measured electromotive force, the electromotive force 
of the calomel cell, and the hydrogen ion activity at 0° is given 
by the equation 

Eo = Eo’ — log ~ 2 
(H*)o 





* Aided by a grant from the Chemical Foundation, Incorporated, and the 
Research Board of the University of California. We are indebted to the 
Cyrus M. Warren Fund of the American Academy of Arts and Sciences for 
the loan of the type K potentiometer. 
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where £ = the measured E.M.F. at 0°, Ho’ = the £..Fr. assigned to 
the calomel cell at 0° when (H*)o = 1 and (H+)o = the hydrogen 
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ion activity at 0°. The value of (H*+)» was computed from the 
equation 


(H*) a= Cro 
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where C = concentration and yo = the activity coefficient of the 
hydrogen ion at 0°. The value of yo was taken as 0.907 (2). 
The value of Ey’ was found to be 0.2916 volt. The dissociation 
constant for water at 0° was taken as 0.114 X 10-", 


TITRATION CURVES 
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Arginine monochloride and lysine dichloride were isolated by the 
method of electrical transport described by Foster and Schmidt 
(3) and more recently elaborated by Cox, King, and Berg (4). 
A second preparation was obtained from the Eastman Kodak 
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TABLE I. 


Titration Data for Aspartic Acid, Glutamic Acid, and Histidine Dichloride 


at 0°. 


All amino acid solutions were 0.04 m. 








ible | fick | | 
| =e | | issociat ic | 
Amino acid. | per a” | oer an | E.M.F. paH | Agannust Sesachtion | pI 
| solution.| solution. } | 
ce. ce. | volt | 
Aspartic | 10.1 | 
acid. 16.2 | 0.4865, 3.596 
20.2 | | 0.4989, 3.824 | 
25.3 | | 0.5002 4.015 | K's, = 1.7 X 10 | 
50.5 | 0.8278) 9.892 | | 
60.6 | | 0.8492 10.289 | K’s, = 4.9 X 10- 
| 11.9 | 0.4300) 2.554 | 
16.8 | 0.4222 2.409 | 
| 21.8 | 0.4107, 2.198 | 
| 26.7 | 0.4043, 2.078 | K's, = 1.17 X 107 | 2.89 
| | | 
Glutamic 10.1 | | 0.4916 3.691 | | 
acid. 16.2 | 0.5060 3.957 
| 20.2 0.5173, 4.164 | K’a, = 7.25 X 10-5 
| 25.3 | | 
50.5 0.8216 9.778 | 
60.6 | 0.8458 10.226 K’., = 6.0 X 10 | 
| 11.9 | 0.4315) 2.581 
16.8 | 0.4284 2.524 
21.8 | 0.4189 2.349 | 
26.7 | 0.4108 2.199 | K’,, = 1.95 X 10-8 | 3.19 
Histidine 10.1 0.7977, 9.338 
dichlo- 15.1 0.8010 9.399 
ride. 20.2 0.8222 9.790 | 
25.2 | 0.8317, 9.966 | K’,s = 1.78 X 107° | 
9.9 0.6717 7.015 
14.8 | 0.6535 6.678 | 
19.8 | 0.6441 6.505 | 
24.8 | 0.6339 6.315 | K’, = 3.63.X 10-° 
49.5 | 0.4307) 2.567 | 
59.4 | 0.4121) 2.223 | K’s, = 9.12 X10-" | 8.12 





Company. 


All products were recrystallized two to three times. 


Amino nitrogen determinations gave within the limits of error 
The glutamic acid and the histidine dichloride 


theoretical values. 
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were the identical products which have been previously described 
(1, 5). The aspartic acid was a Kahlbaum preparation. It was 
recrystallized three times. 

The titration curve of arginine at 25° is shown in Fig. 1 and 
that of lysine at the same temperature is represented in Fig. 2. 
For arginine the following values were obtained for the dissocia- 
tion constants at 25°: K’,, = 3.82 X 10-", K’,, = 1.10 X 10°, 
K’,, = 1.05 X 10-", and pI = 10.75. The values for lysine at 
this temperature are: K’,, = 2.95 X-10-", K’,, = 0.89 XK 10>, 
K’», = 1.52 X 10-", and pI = 9.74. Although the complete 
titration curves of arginine and of lysine at 0° are not shown a suffi- 
cient number of experimental points are given in each figure so 
that the apparent dissociation constants of the respective amino 
acid at this temperature may be calculated. On the basis of the 
plotted points shown in Fig. 1 the apparent dissociation constants 
of arginine at 0° are: K’,, = 4.9 X 10-4, K’,, = 7.09 X 10>, 
K’,, = 2 X 10~, and pI = 11.55. The apparent dissociation 
constants of lysine at 0° calculated from Fig. 2 are: K’a, = 4.9 X 
10-2, K's, = 7.4 X 10-*, K’s, = 1.82 X 107%, and pI = 10.56. 
Table I gives the experimental data from which the apparent dis- 
sociation constants of aspartic acid, glutamic acid, and histidine 
at 0° (also given in the table) have been calculated. 

Our values for the dissociation constants of lysine at 25° agree 
quite well with those which have been reported by Simms (6). He 
found K’, = 3.4 X 10-", K’,, = 1.11 K 10, and K’,, = 1.11 X 
10-". In the case of arginine the agreement with the values for 
the constants at 25° found by Simms (6) is not very good.' The 
following are his recalculated values: K’, = 2.29 X 10-", K’y, = 
143 X 10-, and K’,, = 1.97 X 10-". The discrepancy lies in 
the values for K’, and K’,,. Our values for arginine are in better 
agreement with the data reported by Hunter and Borsook (7). 
Their recalculated data at 20° (8) yield the following values: 
kK’, = 14 X 107%, K’,, = 8.8 X 10-, and K’s, = 1.07 X 10-". 
A comparison of the values for the dissociation constants at 0° 
and 25° shows that the temperature influence is greatest on the 
smaller apparent dissociation constant values and least on the 


1 In a private communication dated March 20, 1930, Dr. Simms states 
that his published values for the apparent dissociation constants of arginine 
at 25° are in error and accepts the values reported by us in this paper. 
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larger values. This is in agreement with the well known fact 
that the relative effect of temperature on the dissociation constants 
of highly ionized compounds is less than on compounds which are 
dissociated to a slight extent. 

Using the data for the dissociation constants at 0° and 25° of 
the amino acids given in Table II it is possible to calculate their 
apparent heats of ionization. Data for glycine, alanine, glycyl- 
glycine and glycylalanine obtained by this method of calculation 
have recently been published by Branch and Miyamoto (9). 
Meyerhof (10) had previously determined the heat of ionization of 
glycine and Adair, Cordero, and Shen (11) have reported the heat 
of ionization of hemoglobin. 

For the purpose of calculating the apparent heat of ionization of 
the amino acids reported in this paper we have made use of the 
equation 


d ; 5787 3 
_ yy = URI K) _ 4.5787 d log K 


1 1 
(z) 4) 

where 7’ = the absolute temperature, R = the gas constant in 
calories, K = the true dissociation constant, and AH = the heat 
of ionization or the change in heat content of the solution as the 
result of ionization. In using this equation the following assump- 
tions are made: (a) that the equation holds when the values for 
the apparent dissociation constants of the amino acids are used 
instead of the true dissociation constants; (b) that the increment 
AH is constant over the temperature range of 0—25°. This is 
equivalent to assuming that 


AlogK  dlog K 
1, /1 
Af{- dj — 
(7) G) 
between 0° and 25°. These assumptions are the same as those 
which were made by Branch and Miyamoto (9). Although the 
validity of these assumptions is open to question the errors which 
are thus introduced are probably not much greater than certain 


other errors inherent in obtaining the values for the apparent dis- 
sociation constants. 
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TABLE II. 
Apparent Heats of Ionization. 
po id t K’ | pK’ (9°) — H’ 
mino acid. emperature. p | pK’ (95°) | A 

| ~~. | calories 

Arginine. | 0 pK’. = 13.31 
| 25 pK’, = 12.48 0.83 12400 

| 0 PK’, = 5.15 | | 
| 25 pK’, = 4.96 | 0.19 | 2830 
| 25 pK’, = 11.99 | 0.71 10600 

Histidine. 0 pK’, = 9.75 | | 
| 25 pK’, = 9.12 | 0.63 | 9400 

| 0 pK’, = 8.44 
| 5 pK’, = 7.9 | 0.48 7200 

| 0 pK’, = 13.04 | 

| 25 pK’,, = 12.18 | 0.86 12800 

Lysine. / 0 pK’, = 11.31 | | 
| 25 pK’, = 10.53 0.78 | 11600 

0 pK’, = 5.13 | | 
| 25 pK’, = 5.05 | 0.08 | 1200 

| 0 pK’s, = 12.74 | 
| 25 pK’,, = 11.82 | 0.92 | 13100 

Aspartic acid. 0 pK’, = 3.77 | | 
| 30 pK, = 3.63 | 0.14 | 1760 

0 pK’., = 10.31 | 
30 pK’, = 9.47 | 0.84 | 10500 

0 pK’, = 12.93 | | 
30 pK’, = 12.09 | 0.84 | 10500 

Glutamic acid. | 0 pK’, = 4.14 | 
| 95 pK, = 4.07 | 0.07 | 1040 

| 0 pK’,, = 10.22 
| 25 pK’., = 9.47 0.75 | 11200 

0 pK, = 12.71 | | 
| 25 pK, = 11.90 | 0.80 | 12100 





The values for the apparent heats of ionization AH’ of the amino 


acids are given in Table II. 


In the calculations we have used the 


values for the constants of arginine, lysine, histidine, aspartic acid, 
and glutamic acid experimentally determined by us and reported 
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in this paper. The constants for histidine at 25° were those pre- 
viously reported by ourselves (5). The glutamic acid constants 
used were those which were determined by Simms (6, 8). If the 
constants for glutamic acid at 25° reported by Kirk and Schmidt 
(1) are used instead of Simms’ values an irrational value for AH’ 
corresponding to pIx’,, is obtained. This is due to the fact that 
the value for AH’ corresponding to K’,, is small and a small error 
in the value for A’, is magnified in the value for AH’. On the 
other hand, the value for AH’ of glutamic acid corresponding to 
pK’,, when similarly calculated are approximately 10 per cent 
greater than the value given in Table II This probably repre- 
sents the error inherent in determining the values for AH’. The 
dissociation constants for aspartic acid at 30° were those which have 
been reported by Levene and Simms (12). 

An inspection of Table II shows that the order of magnitude of 
the values for AH’ corresponding to K’,, and K’,, of arginine and 
of lysine and A’,, and K’», of aspartic acid and of glutamic acid 
are approximately the same and are not very different from the 
values for AH’ reported for glycine and for alanine by Branch and 
Miyamoto (9). The values for AH’ corresponding to K’,, of 
aspartic acid and of glutamic acid and to K’,, of arginine and of 
lysine are small and roughly of the same order of magnitude. The 
value for K’,, of histidine occupies a position intermediate between 
the values for K’,, of arginine and its own value for K’s, and this 
is reflected in the value for AH’ corresponding to K’», of histidine 
which is intermediate between the values for AH’ corresponding 
to K’,, of arginine and to K’», of histidine. 


SUMMARY. 


1. The apparent dissociation constants at 25° have been deter- 
mined for arginine and for lysine and at 0° for arginine, histidine, 
lysine, aspartic acid, and glutamic acid. 

2. On the basis of these data and certain others cited in the text 
the apparent heats of ionization of arginine, histidine, lysine, 
aspartic acid, and glutamic acid have béen calculated. 
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ENZYME PURIFICATION : FURTHER EXPERIMENTS WITH 
PANCREATIC AMYLASE.* 
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(From the Department of Chemistry, Columbia University, New York.) 
(Received for publication, May 21, 1930.) 


A consideration of the reSults of our recent experiments upon the 
use of adsorption in the purification of pancreatic amylase (1) 
indicated that it would be advantageous to continue the intensive 
study of this method of purification and also to determine the best 
way of following adsorption with precipitation to obtain the final 
enzyme preparation as a dry solid, as in our previous method (2). 

The general plan of the work was to study the factors involved 
in: obtaining highly active enzyme solutions for the adsorption; 
adsorption and extraction of the amylase from its adsorbent; 
and precipitation and drying of the solid products. 


EXPERIMENTAL. 


The amylase activity was measured at each step so that the total 
recovery and the degree of purification could be followed quantita- 
tively throughout. In solutions containing glycerol, it was not 
possible to compare the amylase activities on the basis of total 
solids and therefore the basis of activity per mg. of nitrogen was 
chosen. 

The conditions for measuring the activity of the enzyme were 
kept constant in all the experiments. These were half hour hy- 
drolyses at 40° of 2 per cent starch dispersions containing 0.02 
M sodium chloride and 0.01 m phosphate, made up by the use of 
equimolar solutions of mono- and disodium phosphates in the 
proportions necessary to give a hydrogen ion activity of pH 7.1 (3). 


* Published as Contribution No. 630 from the Department of Chemistry, 
Columbia University. 
We are greatly indebted to the Carnegie Institution of Washington for 
grants in aid of this investigation. 
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The solutions and suspensions obtained in the process of purifica- 
tion were diluted to a definite volume of the same final salt concen- 
tration and hydrogen ion activity as the starch dispersion to 
which they were added in suitable portions. The maltose formed 
was taken as the measure of the amylase activity. The small 
amounts of alumina introduced in the suspensions were found, by 
suitable blank determinations, not to interfere with the measure- 
ments of the amylase activity. 

The hydrogen ion activities of all solutions and suspensions were 
measured electrometrically, with a saturated calomel electrode and 
a hydrogen electrode of the type described by Wilson and Kern 
(4). It was found practicable to apply to the dilute glycerol and 
alcohol solutions sometimes used, E.M.F. measurements as usually 
made in determinations of hydrogen ion activities in aqueous solu- 
tions. Steady ¥.M.F. readings were obtained, and these solutions 
could readily be reproduced or titrated to the same values. The 
E.M.F. measurements were calculated to pH values in the usual 
way although it was recognized that these values might not bear 
the same relation to the reaction of the solutions as they would 
in aqueous solutions containing no glycerol or alcohol. 

The finding that 0.01 m phosphate did not interfere with or ap- 
parently influence the adsorption of this amylase by alumina gel 
or with its subsequent extraction from the alumina gel by which 
it had been adsorbed, made possible its use for the control of the 
reaction of the solutions and suspensions throughout the process. 

All precautions which have been found necessary in working with 
this amylase such as keeping solutions and reagents ice-cold and 
guarding against the influence of light and fumes were observed. 
All reagents were highly purified. 

Solution for Adsorption of Pancreatic Amylase by Alumina Gel.— 
Experimental study of the extraction of pancreatin, in which the 
influence of time, temperature, concentration of pancreatin, and 
the nature of the solvent was each investigated, led us to adopt 
the use of 87 per cent glycerol recommended by Willstitter et al. (5), 
for the extraction; this was followed by the removal of water-insol- 
uble inert material from the extract by dilution with 5 volumes of 
water containing a phosphate mixture so adjusted that the final 
concentration was 0.01 m and the reaction pH 5.8. The disad- 
vantages (1) of the presence of glycerol in the later stages of puri- 








Ca- 
on- 


ied 
all 
by 
re- 


nd 
rn 
nd 
lly 
lu- 
ns 
he 
al 
ar 
Id 


zel 
ch 
he 


th 
nd 
d. 


he 
nd 
pt 
d), 
yl- 
of 
al 
d- 


ri- 





Sherman, Caldwell, and Adams 297 


fication were overcome by the fact that the amylase may be effec- 
tively separated from the glycerol by adsorption by alumina gel. 

Adsorption As Influenced by Different Conditions.—Among the 
factors which were found to influence markedly the adsorption of 
the amylase were: the reaction of the solution, the concentration 
of alcohol, and the relative concentrations of enzyme and alumina. 
The influence of each of these factors was studied. 

The optimal reaction, calculated as previously mentioned, for 
the adsorption and purification of the amylase appeared to differ 
in the presence of the different percentages of aleohol: pH 5.8 for 
0 alcohol, pH 5.7 for 10 per cent, pH 5.2 to 6.0 for 25 per cent, pH 
6.2 to 6.7 for 40 per cent, pH 6.2 to 7.2 for 55 per cent, and pH 6.9 
to 7.3 for 70 per cent alcohol. 

Comparisons of the results obtained under otherwise optimal 
conditions showed that there was a rapid increase in the adsorp- 
tion and purification of the amylase with increasing concentrations 
of aleohol up to 25 per cent. At higher concentrations of alcohol, 
the adsorption of the amylase was somewhat less and the degree 
of purification, as measured by the yield of maltose per mg. of 
nitrogen, decreased. Thus in some typical experiments in which 
the optimal reaction was maintained in each case, the maximum 
adsorption of amylase expressed in terms of percentage of amylase 
present in the solution before the adsorption was about 15 per cent 
for 0 alcohol, 52 per cent for 10 per cent alcohol, 93 per cent for 25 
per cent alcohol, 88 per cent for 40 per cent alcohol, 84 per cent for 
55 per cent alcohol, and 80 per cent fer 70 per cent alcohol. The 
maximum purification attained in each case expressed as mg. of 
maltose per mg. of nitrogen was about 23,000 for 10 per cent alco- 
hol, 34,000 for 25 per cent alcohol, 32,000 for 40 per cent alcohol, 
28,000 for 55 per cent alcohol, and 25,000 for 70 per cent alcohol. 
It was also noted that the total loss of active enzyme which was 
very low, about 2 to 5 per cent, in the presence of the 25 per cent 
alcohol was higher in the presence of the higher concentrations of 
alcohol. 

The adsorption and purification of the amylase were found to 
increase with increasing concentrations of alumina, rapidly at 
first and then more slowly until almost complete adsorption of the 
amylase, about 90 to 95 per cent, occurred. Further increases in 
the concentration of the alumina or decreases in the concentration 
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of the enzyme had no appreciable influence upon the purification 
as measured by amylase activity per mg. of nitrogen in the suspen- 
sions. In general, keeping the concentration of alumina as low as 
was consistent with good adsorption and purification resulted in 
better subsequent extraction and recovery of active amylase. 

The results as a whole indicated that the maximum purification 
and recovery of the amylase occurred when the adsorption took 
place from solutions of about pH 5.2 to 6.0, containing 25 per 
cent alcohol (by volume) and with alumina gel equivalent to 0.60 
to 0.80 gm. of Al,O; for every 100 cc. of the enzyme solution. 

Yxtraction of Enzyme from Alumina Gel.—Although the con- 
ditions now maintained during adsorption were different, our pre- 
vious finding (1) that neutral or slightly alkaline solutions (pH 
7.0 to 7.3 after adsorption) were most favorable for the extraction 
of this amylase from the alumina gel by which it had been adsorbed 
was confirmed. 

The extraction of the amylase from the alumina gel by which 
it had been adsorbed and the activities of the subsequent precipi- 
tated preparations were also markedly influenced by other factors 
such as the nature and volume of the solvent, the time, the num- 
ber of extractions, and the temperature. 

Glycerol in various concentrations, with and without phosphate, 
50 per cent alcohol, 0.01 m phosphate, and dilute solutions 
of sodium hydroxide were all investigated. When a relatively 
small volume of solution, about one-third to one-fourth of 
that of the solution from which the adsorption had occurred, 
was used, so that the dilution of the amylase was kept as small 
as possible and the reaction carefully controlled to keep the 
final hydrogen ion activity pH 7.0 to 7.3, almost as good ex- 
traction and recovery of the amylase could be obtained in 
the absence of glycerol and by the use of water made alkaline 
by means of dilute sodium hydroxide as in the presence of 
phosphate and glycerol. The extraction and the amylase activity 
of the solution in the absence of glycerol or phosphate were more 
variable than in the presence of either and more loss of active amy- 
lase often occurred during the extraction; but the elimination of 
phosphate and glycerol made unnecessary subsequent dialysis and 
resulted in products of the highest amylase activity when the 
solution was subjected to precipitation by alcohol and ether. 
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Willstiitter and his coworkers (5) had advocated the use of 35 
per cent glycerol in the extraction of the amylase from the alu- 
mina gel by which it had been adsorbed, but in our work, its pres- 
ence at this point was found to be both unnecessary and disad- 
vantageous. Even when low concentrations, 5 per cent or less, 
of glycerol were used, large losses of the amylase occurred during 
the dialysis before the glycerol was all removed, and traces of 
glycerol in the dialyzed solutions were found to interfere with the 
subsequent precipitation and drying of the enzyme. 

The conditions resulting in the highest purification by the ex- 
traction of the amylase from the alumina gel also resulted in rela- 
tively large losses of active material. Attempts to recover more 
than 50 or 60 per cent of the amylase adsorbed were unsatisfactory. 
Prolonging the extraction of the alumina gel beyond that neces- 
sary for the thorough but rapid stirring and centrifuging of the 
ice-cold suspension, or the use of successive extractions with 
divided portions of a constant total volume, or with larger volumes, 
of a suitable solution, caused increased losses of active enzyme and 
also decreased the degree of purification by increasing the extrac- 
tion of inert material as shown by the decrease in amylase activity 
per mg. of solid or of nitrogen. 

The influence of all these factors is undoubtedly associated with 
the relatively rapid loss of activity of this amylase in solution which 
becomes greater as the degree of purification is increased. In 
general, the shorter the time of exposure, the less the dilution, and 
the lower the temperature, the better the results. 

Precipitation of Enzyme by Alcohol and Ether.—The extracts 
obtained as above were precipitated directly without dialysis by 
adding the ice-cold clear solution to from one and one-half to 
twice its volume of ice-cold 1:1 aleohol-ether mixture. 

Properties of Dry Preparations.— The average (and maximum) 
enzymic activity of thirteen preparations obtained as described 
above, from a commercial pancreatin' which had an activity 
(6) of 512 was 3760 (maximum, 4000), or the preparations were 
found to produce an average of 9500 (maximum, 10,000) times 
their weights of maltose from 2 per cent starch in 30 minutes at 
40°. 

1 We take pleasure in acknowledging our indebtedness to Parke, Davis 
and Company for this starting material. . 
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These products are somewhat higher in activity than those ob- 
tained by our earlier method of fractional precipitation and di- 
alysis, probably because the improvements of method here de- 
scribed minimize deterioration of activity during purification. We 
find no reason to doubt that the purified material is essentially the 
same as was obtained by our former method (2). It appears to 
be typically protein in nature, having a nitrogen content between 
15 and 16 per cent in the dry ash-free substance and showing the 
precipitation and color reactions of typical proteins. The biuret, 
xanthoproteic, Millon, and ninhydrin reactions were all positive 
and precipitates were obtained when the solutions were treated 
with phosphotungstic acid, silver nitrate, or picric acid. Alcohol 
had a dehydrating effect similar to that observed with proteins 
and a preparation which had been treated with absolute alcohol 
lost its activity and was no longer appreciably soluble in water. 
Heating a solution of a purified preparation produced coagulation; 
the filtrate and coagulum both gave positive biuret reactions, the 
former a rose-violet and the latter a blue-violet color. They con- 
tained no detectable amounts of carbohydrate. Like our earlier 
preparations, these products also possess protein-splitting as well 
as starch-splitting activity. The difference in our results and 
those of Willstitter on this point has been discussed elsewhere (1). 

Luers and Sellner (7) working with malt amylase, and Nishi- 
mura (8) working with the amylase of Aspergillus oryzx, report 
that a second adsorption increased the purification of these en- 
zymes; but when preparations obtained by the adsorption method 
described here or by our previous method of fractional precipita- 
tion by alcohol and ether and dialysis were dissolved, readsorbed, 
and otherwise treated as described here, it appeared that the opti- 
mal result had already been obtained in the manner described 
above. Contrary to the findings of Willstitter and his coworkers 
(5), the purified amylase was readily adsorbed by the alumina gel 
and the conditions which were optimal for the first adsorption of 
the relatively much less purified amylase were also optimal for the 
second adsorption of the purified enzyme. The conditions which 
had been found optimal for the subsequent extraction and precipi- 
tation of the amylase were also the best after the second adsorption. 

Preliminary dialysis against alcohol, or against glycerol phos- 
phate solutions, introduced before the adsorption by the alumina 
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gel, when the amylase was not so highly purified and therefore not 
so rapidly inactivated, and carried out in the presence of glycerol 
to decrease the deterioration of the amylase in solution, caused 
no increase in the activity of the final products. 

Washing the final precipitates with ice-cold 25 or 50 per cent 
alcohol, 50 per cent alcohol and ether mixtures, ether, or water, as 
well as attempts to redissolve and reprecipitate the enzyme, caused 
large losses of amylase activity. Grinding the dry preparations 
in a mortar also markedly decreased their activity. The proper- 
ties of the purified material are being studied further. 


Complete Method in Brief. 


1. Commercial pancreatin is extracted with 87 per cent glycerol, 
in the proportion of 10 gm. of pancreatin to 100 ce. of glycerol, by 
mechanical mixing for 6 hours at room temperature. The mix- 
ture is then centrifuged to remove the solid residue which is dis- 
carded. 

2. Water-insoluble inert material is removed by addition of 
the extract to 5 times its volume of ice-cold water containing 0.012 
M mono- and disodium phosphates in the proportions necessary 
to give a final reaction of pH 5.8. The exact proportions of 
the phosphates depend upon previous electrometric titrations of a 
similarly prepared enzyme solution. This diluted extract with a 
phosphate concentration of 0.01 m is centrifuged to remove the 
solids which are discarded. 

Solutions obtained in (1) and (2) may be allowed to stand in 
the ice box for 12 to 24 hours without appreciable loss of amylase 
activity. All solutions and containers should be kept ice-cold. 
The centrifuge cups should be thoroughly chilled each time they 
are used. The room should be free from fumes and darkened. 

3. 1 volume of the diluted extract from (2) is added to 2 volumes 
of an alcohol-alumina suspension made up as described in the 
“Note” below. The mixture is allowed to stand in ice with occa- 
sional shaking for not less than 15 minutes, when it is centrifuged 
and the liquid discarded. The final portion of ‘‘activated”’ alu- 
mina should be centrifuged and extracted as described in (4) below, 
within 30 minutes. 

4. The “activated” alumina gel obtained in (3) is quickly but 











302 Pancreatic Amylase 


thoroughly stirred in the centrifuge cup with ice-cold 0.015 m 
sodium hydroxide solution (to give pH 7.0 to 7.3) and immediately 
centrifuged. The volume of 0.015 m sodium hydroxide used for 
the extraction should be about one-third or one-fourth that of the 
enzyme solution treated with the alumina gel. In our experi- 
ments, 250 cc. centrifuge cups were used and the activated alumina 
gel in each corresponded to about 75 cc. of the diluted extract. 
Under these conditions, one extraction with 20 or 25 cc. of the 
faintly alkaline solution gave the best results. 

5. The enzyme solution obtained in (4) is immediately filtered 
in the ice box and added to 1.5 to 2 times its volume of ice-cold 
1:1 aleohol-ether solution. The precipitation is completed by 
the final addition of a few drops of ice-cold ether. The precipitate 
is immediately removed by centrifuge and dried on a watch-glass 
over sulfuric acid in a vacuum desiccator kept in the ice box. 
About 700 mg. of this highly active material may be obtained 
from 40 gm. of pancreatin. 

Note.—An aqueous suspension of alumina gel free from sul- 
fate is prepared in a manner similar to that described by Will- 
stitter (9). Approximately 0.6 m aluminium sulfate is poured 
into an excess of 15 per cent ammonia solution. Steam is led 
through the alumina suspension thus formed for 10 to 12 hours to 
remove excess ammonia and increase the surface of the gel. The 
alumina gel is then washed by decantation until it no longer 
settles upon standing, when it is found to be practically free from 
sulfate. The AlO; content of aliquot samples of the suspension 
is then determined by evaporation to dryness and ignition to 
constant weight. The alcohol-alumina suspension used in (3) 
above is made up from the aqueous alumina suspension so as to 
contain alumina gel equivalent to 0.30 to 0.40 gm. of Al.O; per 
100 ec., 37 per cent alcohol, and 0.01 mM phosphate. 2 volumes of 
this suspension when mixed with 1 volume of the enzyme solution 
as described in (3) above result in 0.60 to 0.80 gm. of Al,O; per 100 
ec. of diluted enzyme extract and a final aleohol concentration of 
25 per cent in the enzyme-alumina gel mixture. The reaction of 
this solution after centrifuging to remove the alumina gel should 
be approximately pH 5.2 to 5.6. This should be verified electro- 
metrically as deviations from this reaction markedly decrease the 
adsorption and purification attained. The proportions of the 
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mono- and disodium phosphates required to give the above optimal 
reaction (pH 5.2 to 5.6) are best determined by previous electro- 
metric measurements of a series of centrifuged solutions obtained 
after treatment of portions of an enzyme solution with a series of 
buffered alcohol-alumina suspensions which have been allowed 
to stand until equilibrium was reached with graded proportions 
of the acid and alkaline phosphates. 


SUMMARY. 


A new method for the purification of pancreatic amylase has 
been developed. The method involves adsorption by alumina gel 
and subsequent precipitation by alcohol and ether and yields dry 
solid preparations. 

The hydrogen ion activities of the solutions at the different 
steps in the process have a decided influence upon the results ob- 
tained and may be controlled and made reproducible by the pres- 
ence of 0.01 m phosphate. 

It was found feasible, in testing the reaction of the aqueous 
glycerol and alcohol solutions sometimes used, to make electro- 
metric measurements with the hydrogen electrode and saturated 
calomel cell. 

Slightly acid solutions, pH 5.2 to 6.0, favor the adsorption of the 
amylase by alumina gel, and slightly alkaline solutions, about pH 
7.3, favor the extraction of the amylase from the alumina gel by 
which it has been adsorbed. This is in accord with the view that 
pancreatic amylase is of amphoteric nature. 

It has been found possible to make use of glycerol in the early 
stages of the purification where it prevents or decreases the loss of 
activity of the amylase in solution and to omit its use in the later 
stages, after the adsorption, where it interferes with the precipita- 
tion of dry solid preparations. The active amylase may be effec- 
tively separated from glycerol by adsorption, but not by dialysis. 

The yields of purified pancreatic amylase obtained by the method 
here described are larger, and these enzyme preparations are 
slightly more active, than those obtained by the Sherman-Schles- 
inger method. 

Certain of the properties of the enzyme as here purified are 
described, and others are being studied further. 
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Of the three horticultural varieties of Holcus sorghum, kafir, 
milo, and feterita, the first was studied in this laboratory by Johns 
and Brewster (1). They were able to confirm von Bibra’s (2) 
and also Osborne’s (3) belief that kafir contained an alcohol- 
soluble protein. This new prolamin, termed kafirin by Johns and 
Brewster, was found to be so slightly soluble in cold 70 per cent 
alcohol that hot alcohol was used for its extraction from the meal. 
Hoffman and Gortner (4) prepared in a similar way a prolamin 
"from the variety “early amber” which they named “sorghumin.” 

We first examined milo and feterita seeds to ascertain whether 
they contained proteins of the globulin type. Inasmuch as Johns 
and Brewster made no statement in their publication regarding 
the presence of globulin in kafir, this variety of sorghum was also 
included in this investigation. It was found that 10 per cent 
sodium chloride solution extracted from each of the three sorghum 
meals a globulin which precipitated from the salt extract at 47 to 
50 per cent of saturation with ammonium sulfate. The nitrog- 
enous material extracted by the salt solution represented only 
12.7 to 13.3 per cent of the total nitrogen in the meal of the three 
sorghum varieties, and not all of this was protein nitrogen. Be- 
cause of the relatively small quantities present, no exhaustive 
study was made of the globulins. 

Experiments were also conducted for the purpose of ascertaining 
whether these sorghum varieties contained proteins of the glutelin 
type. For this purpose the extractions were made with a 0.2 per 
cent solution of sodium hydroxide in 60 per cent alcohol rather 
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than with hot alcohol, because Johns and Brewster showed that 
kafirin becomes denatured on boiling with 70 per cent alcohol. 
These alkaline-alcoholic extractions removed 73 per cent of the 
total nitrogen of feterita and kafir, whereas only 63 per cent of 
the total N of milo was similarly extracted. Acidification of the 
alkaline-aleoholic extracts caused no precipitation, indicating the 
absence of glutelins. After the alkaline-alcoholic extractions the 
residue was extracted with 0.2 per cent aqueous sodium hydroxide 
solution, but no further significant amounts of nitrogen were 
removed. Almost all the nitrogen in the alkaline-alcoholic ex- 
tracts, therefore, represented prolamin nitrogen. These exhaus- 
tive extraction studies showed that prolamin is the predominant 
type of protein in the sorghum varieties mentioned above. 


TABLE I. 
Elementary Composition of the Prolamins of Two Varieties of Holcus Sorghum 
in Percentages of Moisture- and Ash-Free Protein. 











| weer’ ~ aed | Feterita. 
gsc andci'a-d Aa deen Wes eon oes oe a A a | 55.25 | 55.11 
SES ser cc Src baie Cos SA wER EAS ane 6.73 6.57 
conn) naeinuk sek ae ae CASA ees RRC E ARES 0.662 | 0.754 
a a | 14.95 | 16.30 
Do aviined whens dn doe hen see Rae Kee .| 1.313 0.576 





* Sulfur was determined by the peroxide method by using Parr’s heat 
ignition bomb (5). 


EXPERIMENTAL. 


500 gm. of the meals prepared in the laboratory from milo and 
feterita seeds were extracted three times successively with 1 liter 
of 70 per cent ethyl alcohol at a temperature never higher than 
60°. The combined alcoholic extracts were filtered rapidly into 
large shallow pans and then concentrated at room temperature by 
blowing air over them. After most of the aleohol had evaporated 
the aqueous liquid was decanted and the viscous precipitate which 
had separated and which represented the prolamin was redissolved 
in warm 70 per cent alcohol. After being filtered through paper 
pulp by suction, the prolamin was again precipitated from the 
clear filtrate by evaporation of the aleohol as described. The 
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product was finally dried with absolute alcohol and ether in the 
usual way. The yields based on the amount of meals taken were 
3.3 per cent and 2.5 per cent of the feterita and milo prolamins, 
respectively. 
TABLE II. 
Distribution of Nitrogen in the Prolamins of Four Varieties of Holcus 
Sorghum as Determined by the Van Slyke Method, Corrected 
for the Solubility of Bases. 











yellow | Feterita. | Kafir.* | a. 

per cent | percent | percent | percent 

i ciuntewatinniedwchasineas | 20.61 | 20.63 | 20.76 | 18.96 
BE ocd icnntbhoinedsavetewwses |} 1.21 | 1.05 | 1.35 | 3.08 
OS ae 1.20 | 0.82 1.23 0.92 
Arginine N..,.......... wei sae | 3.58 | 3.92 4.83 
re 1.64 | 2.79 1.71 | 1.19 
NS RB ROR TE | 2.89 | 2.18 | 2.48 | 3.45 
Amino N in filtrate from bases....| 62.20 | 62.99 | 68.85 | 60.01 
Non-amino N in filtrate from bases. 5.68 4.54 0.32 | 5.33 





* Analyses by Hoffman and Gortner (4). 


TABLE III. 
Amino Acids of Dwarf Yellow Milo and Feterita Expressed in Percentages of 
Moisture- and Ash-Free Prolamins. 





Dwarf | 
| yellow | Feterita. 
| milo. | 


Method of determination. 





| percert per cent 


| 
Arginine................ 1.92 | 1.86 | Calculated from Table II. 
| “é 
| 
| 
| 


SE isc ansavs sani | 0.91 | 1.68 “ ae 
PM icinkinnedsewes | 2.25 | 1.85 "  « |& 
Cystine.................| 0.60 | 0.64 Sullivan (6). 
Tryptophane............ | None. | 1.29 | May-Rose (7). 
Tyrosine................| 7.06 7.27 | Folin-Ciocalteu (8). 





The elementary composition of these proteins is shownin Table I. 
The distribution of nitrogen in the prolamins was determined 
by the Van Slyke method. The results, calculated on the basis 
of ash- and moisture-free proteins, are given in Table II. Although 
the elementary composition and distribution of nitrogen in the 
prolamins of milo and feterita reveal but little difference between 
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these proteins, they are differentiated by their tryptophane con- 
tent. The feterita prolamin was found to contain 1.29 per cent 
of tryptophane, whereas it is entirely lacking in the milo prolamin. 

Yor the sake of comparison there are included in Table II the 
values for the prolamins of kafir and early amber as found by 
Hoffman and Gortner (4). Although these figures reveal no signifi- 
cant differences between these prolamins and those of feterita and 
milo, it is noteworthy that, like the milo prolamin, the prolamin 
of early amber was found to contain no tryptophane. 

Tyrosine, tryptophane, and cystine were determined colori- 
metrically by the methods indicated in Table III. In connection 
with some tryptophane determinations carried on in this labora- 
tory in 1925, it was found that the maximum color intensity was 
reached on the 5th day, both in the casein standard and in the 
proteins that were tested. The same length of time was also 
found to be required in the case of the feterita prolamin. The 
calculation was, therefore, based on the 5th day’s reading. In the 
near future we shall publish in detail our experimental data in 
regard to this modification of the May and Rose method. 


SUMMARY. 


Prolamin is the predominant type of protein in the seeds of the 
three horticultural varieties of Holcus sorghum, kafir, milo, and 
feterita. The prolamins of these seeds differ only slightly in their 
elementary composition and in the distribution of their nitrogen 
as determined by the Van Slyke method. The milo prolamin, 
however, is characterized by its lack of tryptophane. The feterita 
prolamin, on the other hand, was found to contain 1.29 per cent. 

A globulin fraction precipitable from 10 per cent sodium 
chloride extracts of the meals at 47 to 50 per cent of saturation 
with ammonium sulfate was found in small quantities in each of 
the three varieties. The presence of glutelin could not be 
demonstrated. 
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The determination of the blood urea is of considerable import- 
ance as an indicator of the metabolic activity of the organism and 
was of especial interest in the present investigation because of the 
possible significance attached to fluctuations in its concentration 
under the conditions of these experiments (Parsons, Smith, Moise, 
and Mendel, 1930) where both the excretory power of the kidney 
and a heightened protein metabolism were under scrutiny. The 
possible extent of its fluctuations in the blood under conditions of 
normally functioning kidneys in response to variations in the 
protein intake has been recognized (Addis and Watanabe, 1917; 
Wang, Hawks, and Wood, 1927). 


* The data in this paper are taken in part from a dissertation presented 
by Helen T. Parsons in partial fulfilment of the requirements for the degree 
of Doctor of Philosophy, Yale University, 1928. The study was aided by 
grants from the Committee on Scientific Research of the American Medical 
Association and from the Russell H. Chittenden Research Fund for Physi- 
ological Chemistry in Yale University. A preliminary report of a part of 
this investigation was published in the Proceedings of the Society for Experi- 
mental Biology and Medicine (25, 681 (1928)) and a later report was pre- 
sented to the American Society of Biological Chemists at the meetings of 
the Federation of the American Societies for Experimental Biology in 
Chicago, April, 1930. 

Published with the permission of the Director of the Wisconsin Agricul- 
tural Experiment Station. 

+ Mary Pemberton Nourse Fellow of the American Association of Uni- 
versity Women, 1927-28. 
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Experimental Procedure.' 





Animals.—The technique in regard to the care and handling of 
the rats has been fully described (Parsons, Smith, Moise, and 
Mendel, 1930). In addition to the rations already cited, two 
others were used: a high liver ration composed of beef liver 74.5 
per cent, sodium chloride 1.0 per cent, calcium carbonate 1.5 per 
cent, butter fat 2.0 per cent, commercial dried brewery yeast 20.0 
per cent, cod liver oil 1 ec. daily; and a modification of the Steen- 
boek stock ration consisting of two-thirds by weight of the 
dry ingredients in that ration and one-third dried whole milk 
powder. This modification has also been employed by Waddell 
and Steenbock (1928) as an experimental ration. 

Methods of Analysis.—Determinations of the urea concentration 
of the blood were made according to the micro urease method of 
Van Slyke (1927) by means of a portable manometric gas appara- 
tus. 

The blood samples for the determination of total solids were 
dried to constant weight in weighing flasks at 106°.. Drying 
usually consumed 3 or 4 days time. 

Methods of Taking Blood Samples.—Two methods were used in 
obtaining blood samples. For determinations both of urea and 
of total solids in the blood of the living animal samples were 
obtained from the tail, inasmuch as heart stabs were inadvisable 
in the case of the pregnant females. The perfect diffusion of urea 
makes the former method valid although it is less satisfactory for 
samples used for the determination of formed elements. One 0.2 
ec. sample at a time was delivered into the cup of the Van Slyke 
apparatus except in the case of blood exhibiting a particularly 
rapid coagulation time. In such cases two 0.1 ec. samples were 
used. In a few instances a 0.2 ce. sample of blood was deposited 
in a small test-tube containing 1 ec. of 0.02 n lactic acid, was kept 
on ice, and later was transferred to the gasometric machine. 

At the time the animal was sacrificed, it was anesthetized 
lightly and the skin dissected back from the ventral portion of the 
neck, An incision was made in the jugular vein and carotid artery 


‘Thanks are due to Dora Hesse Goldschmidt and Eunice Kelly for 
technical assistance in the care of the experimental animals and in operative 
procedures. 
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on one or both sides with sharp pointed scissors. The blood was 
collected in a depression in a block of paraffin, care being used to 
hold the rat in such a position that the blood flowed over cut sur- 
faces as little as possible, and drained directly from the elevated 
body of the rat. Samples were transferred to weighing bottles 
before clotting occurred. 

Time of Taking Blood Samples.—The selection of the time inter- 
vals at which urea determinations were made depended on the 
possible significance of these intervals. In the first place a ‘‘base- 
line’ was sought against which to measure possible fluctuations 
occurring in other periods. For this purpose determinations of 
the urea concentration were made on the blood of the rats while 
they were still on the modified Sherman stock ration immediately 
before they were nephrectomized and changed to the new experi- 
mental conditions and diet. It would have been desirable to 
include another control determination at a given interval after 
operation and the change in diet, but before gestation. However, 
the possibility of breeding some of the animals in so short a time 
as a week after the operation made this period impractical. 

The first experimental period selected for determining the con- 
centration of urea in the blood was as early in the first 2 weeks of 
gestation as convenient. A second period was one shortly before 
parturition. Inasmuch as the beginning of gestation had been 
determined by the vaginal smear, and the length of gestation usu- 
ally was 22 or 23 days although occasionally extending to even 
25 days, the time of its probable termination could be foretold 
with relative accuracy. This period is known to be a time of rap- 
idly forming tissue in the fetus. Two periods during lactation, 
namely near the 14th and the 21st days, were also chosen for urea 
determinations in the case of most of the females with litters, with 
a view to including the time of greatest need for food on the part 
of the mother rat and therefore presumably the height of protein 
metabolism. Samples were obtained in a few instances following 
weaning. 

The opportunity to determine the urea concentration in the 
blood of both intact and partially nephrectomized rats afforded 
a possible criterion of the adequacy of the physiological adjust- 
ments to the conditions of the experiment. A greater concentra- 
tion of urea in the blood of the latter animals might reasonably be 
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interpreted as the degree of failure to compensate on the part of 
the remaining kidney. 

The number of determinations performed rendered uniformity 
in the time of day at which these were done practically impossible. 
The suggestion arose of subjecting the rats to a preliminary fast 
before the blood sample was drawn. Since the time of day of 
sampling varied, a fast, unless it lasted from 14 to 22 hours, would 
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Fic. 1. The dots indicate the concentration of urea in the blood of rats 
before and after the removal of one kidney and the feeding of an experi- 
mental diet at various periods with reference to reproduction. The heavy 
line indicates the percentage of enlargement of the remaining kidney based 
on the heart weights of these rats. 


give only an appearance of accomplishing uniformity without 
actually doing so. This is because the distribution of the food 
intake by the rat is so uneven during the 24 hours, two-thirds or 
more of the total food ingested being consumed at night. More- 
over, a period of fasting would have defeated one purpose of the 
experiment; namely, to determine the actual degree of protein 
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mobilization in these animals under the conditions imposed in so 
far as this was reflected in the concentration of urea in the blood. 
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Fic. 2. The significance of the symbols and heavy line is the same as 
for Fig. 1. 
Results. 
Variations in Urea of Blood at Different Periods.—The “normal” 
values in this experiment for the concentration of urea in the 
blood of rats on a stock ration immediately before nephrectomy 
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ranged from 23 to 48 mg. per 100 ec. of blood, values roughly 
comparable to those obtained in the Yale laboratory for male rats 
under similar conditions. In striking contrast to these low figures, 
however, were the wide fluctuations in the urea content of the 
blood of these same animals when subjected to the experimental 
conditions. Figs. 1 to 3 present the results of an extensive series 
of urea determinations in the blood of partially nephrectomized 
and intact rats with both high and low protein intake. 
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By comparing the records of the rats on high protein rations 
with those on low protein it can be seen that dietary protein exerts 
a profound influence on the blood picture in regard to urea content. 
Similarly, a comparison of the figures for animals on any of the 
diets during lactation as compared with intervals of rest shows 
that periods of milk production are associated with an increased 
concentration of urea in the blood. The results are inconclusive 
in regard to the influence of gestation alone, since this was not 
differentiated clearly, and there is no reason to interpret the data 
as showing any influence of this factor. Certainly the influence of 
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lactation is of so much greater magnitude in comparison that the 
former is relatively insigificant. A comparison of the intact with 
the partially nephrectomized animals on high protein rations 
showed that both groups respond to this dietary influence with an 
increase in concentration of urea in the blood but that the latter 
group did so to a much greater degree. The results would seem to 
indicate that a single remaining kidney after nephrectomy, even 
though hypertrophied, is not the equivalent in function to the two 
normally present. 

Testing Various Hypotheses to Account for Wide Variations 
Observed.—While considerable information had thus been compiled 
concerning concentrations of urea in the blood of rats under vary- 
ing conditions of diet, reduction of kidney tissue, and stages of 
reproduction, it was highly desirable to arrive at a better under- 
standing of the mechanism regulating such striking fluctuations as 
had been observed. 

A careful examination of the data gave assurance that the time of 
day of taking samples was not in itself responsible for the highest 
and lowest values recorded, although this possibility might be 
suggested in view of the predominately heavy night feeding of the 
rat. Even when samples had been taken at more than one time of 
day from the same lactating females no clear tendency was observed 
for the peak to fall at any one time although great differences (as 
high as 30 mg.) were noted between concentrations of urea in the 
blood of the same rat at different times of day. 

A detailed record was next kept of the daily food intake of a 
group of twenty nephrectomized rats, some pregnant and some 
lactating. On the days the urea determinations were made, the 
rats fasted from 9 a.m. until the blood sample was drawn. For 
intakes of 17 to 14 gm. of food the blood urea concentrations were 
uniformly high, 132 to 104 mg. When 1 gm. or less of food was 
eaten, the urea values were uniformly low, 46 to 25 mg., but be- 
tween these extremes, urea values from 127 to 48 mg. seemed to be 
scattered impartially without reference to previous food intake or 
time of day of taking the sample. In the case of three samples 
taken at 5.30 p.m. for example, the urea concentration of one 
was 81 mg. with a food intake of 13 gm., 105 mg. for another with 
the same food intake, and 104 mg. for the third with an intake of 
only 3 gm. of food. Clearly, some other factor besides the total 
consumption of food was causing the variations. 
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Two other hypotheses were entertained. It might be that the 
consumption of food by some rats was concentrated in a short space 
of time either early or late in the night interval. On the other 
hand it was possible that the excretory capacity of the kidney 
differed markedly from rat to rat, resulting in varying degrees of 
retention of urea. Accordingly an experiment was planned to 
test the validity of these general hypotheses by controlling more 
carefully the exact time of consumption of a given amount of food. 
7 gm. of food were offered to each of seven rats and the uneaten 
portions were ascertained at the end of a 3 hour interval and again 
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Fig. 4. Decline in the concentration of urea in the blood of rats following 
definite intervals of feeding. 
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at the end of a second 3 hour interval, at which time any uneaten 
portion was withdrawn and fasting continued throughout the 
remainder of the night and the following day. The 6 hours al- 
lowed for feeding began for different rats at 6 p.m., 9 p.m., 12 
p.m., and 3 a.m., respectively. The curves given in Fig. 4 were 
plotted from the two or more urea determinations made at inter- 
vals during the following day for each animal but they are ar- 
ranged on the sheet not relative to the actual hour of the taking 
of the sample but with reference to the interval elapsing after food 
was offered to the animals at some given time in the night. 

The curves in Fig. 4 showing the decline in the urea content 
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of the blood at given intervals after the ingestion of food are 
remarkably uniform. There would seem to be no indication of any 
retention of urea in these seven rats. The rapidity of the decrease 
in the concentration of urea and the relatively low values reached 
in the blood of these rats after the withdrawal of food indicate that 
the functional capacity of their surviving renal tissue after the 
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Fig. 5. Changes in the urea concentrations of the blood of rats soon after 
feeding, showing the initial increases to be roughly proportional to the 
intake of food. 


removal of one kidney is essentially unimpaired, after certain 
intervals on a high protein diet. 

On the other hand there seemed to be some possibility that dis- 
tribution of food intake in point of time might account for the 
apparent discrepancies which had been encountered previously in 
attempting to correlate total food intake with urea content of the 
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blood. If the curves in Fig. 4 are arranged, not with reference 
to time after feeding but with reference to the time of taking the 
blood samples, it is evident that, at a certain hour of the day, the 
content of urea in the blood of Rat 154 was 105 mg. per 100 ce. of 
blood, and for Rat 161, 53 mg. (interpolations on the curves), 
although the amount of food eaten was 5 gm. in the one case and 
6 gm. in the other. 

Since such uniform results were obtained for the rapid decrease 
in concentration of urea during an interval after feeding, it was of 
great interest to determine and plot the rise as well as the fall of 
urea in the blood after a definite amount of food intake. Two rats 
were deprived of food during the night time and in order to reverse 
as far as possible diurnal conditions, the rats were kept under a 
strong electric light during the night and in the morning were 
placed in a dark room with a weighed amount of food. Within 
half an hour approximately 2 gm. of food had been consumed by 
each rat after which time the rats appeared sleepy and not inclined 
toeat more. Food was, therefore, withdrawn and urea determina- 
tions were begun immediately. The graphs (Rats 156 and 165, 
Fig. 5) show the results of four successive urea determinations 
for each animal. 

Since even these prompt determinations had apparently not 
caught the initial part of the response to the ingestion of food, the 
ration was withheld from four other tats during the night, and the 
following morning before any food was offered determinations were 
made of the fasting level of urea in the blood (Fig. 5). These fast- 
ing values were found to be comparatively low. After taking the 
blood sample, food was offered to the rats and the time when they 
actually began eating was recorded as the beginning of the food 
intake period. 0.7 gm. of ration was consumed by each of two 
rats, Nos. 151 and 155, 0.8 gm. by Rat 157, and 6.4 gm. by Rat 
163, the latter eating this amount in 17 minutes. 

It is apparent from Fig. 5 that even in the short interval of half 
an hour after the beginning of food consumption a distinct increase 
in the concentration of urea in the blood had occurred. This 
would seem to indicate an amazing speed of digestion, absorption, 
and deaminization. The curves also show a surprizing uniformity. 
The intake of even relatively small portions of a high protein 
ration after a preliminary fast and the drawing of a control blood 
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sample is thus shown to be followed by a rapid increase in the 
concentration of urea in the blood of partially nephrectomized rats, 
from a relatively low fasting value to a concentration roughly 
proportional to the amount of food consumed. The concentra- 


TABLE I. 


Relationship of Total Solids to Content of Urea in Blood of Rats Fed Different 
Concentrations of Protein in Ration. 





~ Jate of Amount 
a+ x, | Iden- | Sample for | I —_ lr. P 
Rat No. tity.* | total solids. | sample for of total Urea. (Date of sample for urea. 


| total solids.| solids. | | 




















| | per cent | "100 9 | 
1066 | NH | Tail. | Apr. 6| 21.6 | 188 | Simultaneously. 
ei“; * |} “ 4] 21.7 | 182 | “ 
77 | “ | Carotid. | “ 1/ 20.9 iyo Mar. 30. 
101 a “ Mar. 28 | 21.1 1 “ @. 
mai * «| Oe. Apr. 4 21.9 136 | Simultaneously. 
_- Gee Bs Mar. 29 | 22.1 133 
74 | . “ 29) 22.1 129 | a 
74 | Carotid. “ 30 | 20.9 129 | Mar. 29. 
102 | “ 29/ 21.3 | 115 = &. 
65 | | Tail. Apr. 10 | 23.4 112 | Simultaneously. 
si * “ Mar. 29 | 21.0 87 “ 
122 | “ | Carotid. | “ 31] 21.4 75 | Mar. 31. 
iw} «| « “28| 20.7 | 68 | “ 2, 

| | 
124 | IH | Tail. Apr. 10 | 21.5 67 | Simultaneously. 
137 | “| Carotid. “ 3] 20.3 63 | Mar. 31. 
tt on wn Pee eo); * &. 

| | 

| 
129 | NL | Tail. | Apr. 10 | 20.4 | 74 | Simultaneously. 
117 .F; « | “ 10; 21.2 71 | “ 
25 | « | Carotid. | “ 6 20.7 | 47 | Apr 5. 
wi Tail. | Mar. 29 | 21.1 43 | Simultaneously. 





* The identity is indicated by the symbols as follows: NH, rat nephrec- 
tomized and fed high protein diet; IH, rat intact and fed high protein diet; _ 
NL, rat nephrectomized and fed low protein diet. 


tion subsequently decreases but at a somewhat slower rate than 
the increase. 

Although the experiments {mst described were suggestive, they 
seemed inadequate to explain fully the very high urea concentra- 
tions of 160 to 180 mg. which had been observed in the blood of 
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some of the lactating rats. It is conceivable that in the lactating 
rats fed the high protein rations there would be a relative anhy- 
dremia, not only due to the large mobilization of fluid necessary 
for excreting metabolites in the urine but also to the elimination of 
water in the milk secreted. Accordingly determinations were 
made of the total solids in the blood of certain of the rats as re- 
corded in Table I. 

From the third and fifth columns in Table I it is plain that there 
is no direct correlation between the concentration of urea and of 
total solids in the blood of these animals. Variations in the water 
content of the blood are therefore not an explanation for the very 
wide fluctuations in the concentrations of urea observed in the 
blood of nephrectomized rats fed diets rich in protein. 

It had been noted that the lactating mother rats whose daily 
food intake reached as high as 19 or more gm. consumed an appre- 
ciable amount of food during the daytime. It seemed possible 
that the extremely high urea values of 160 to 180 mg. per 100 ce. of 
blood which had been observed previously might have resulted 
from a summation of metabolites from small portions of food con- 
sumed throughout the day superimposed on the heightened urea 
concentration due to the large intake of food during the night. 
Accordingly observations were made on two lactating females. 
The first determinations of urea showed approximately the same 
concentrations in the blood of each. The food cup was allowed 
to remain in the cage of Rat 153, and a sharp increase in the con- 
centration of urea in the blood of this animal was observed at the 
end of an hour’s time. Food was withdrawn from Rat 151 and the 
urea concentration was found to have fallen considerably at the 
end of a 5 hour interval. At the outset, therefore, these results 
seemed to be in harmony with the hypothesis that the excessively 
high concentration of urea which had been observed in the blood of 
lactating rats could be adequately explained in the basis of the 
effect of small portions of food eaten frequently during the day, 
after heavy night feeding; however, later results made a different 
interpretation of this experiment necessary. Simultaneous obser- 
vations were next made on Rats 150 and 153, both of which were 
suckling litters. Food was withdrawn and a comparable decline 
in the urea concentration was observed to take place in both. 
Following this preliminary determination of the trend of the curve, 
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food was offered to Rat 150 but was still withheld from Rat 153. 


Quite contrary to expectation, the next determinations showed a 
sharp increase in the concentration of urea in the blood of Rat 153 
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Fic. 6. Changes in the concentration of urea in the blood of rats with 

reference to suckling their young. The solid lines denote values for mother 
rats without food or young. The dotted lines denote that the young were 
allowed to suckle for part of the time. Rats A, B, C, and Dhad one kidney; 
Rat E, two kidneys. Rats A and B were fed a high casein ration; Rat C 
was fed a high liver ration; Rats D and E were on stock rations. 


from which food had been withheld and a continued decline in 
the blood of Rat 150 which had eaten food. 

Rat 153 had been suckling a litter at the time that the blood 
sample was taken for the third determination so that the young 
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had to be literally shaken free from the mother’s nipples. It 
seemed barely possible that the act of nursing might itself have 
some influence although the results of previous determinations 
of blood solids gave no support to the hypothesis that unusual 
concentrations of the blood of the mother was the factor respon- 
sible. Therefore, a series of determinations of blood urea was 
made on all of the individual rats of the group with litters. Food 
was withdrawn in the morning at as early an hour as possible and 
the mother rat segregated from her young. Urea determinations 
were made immediately and at succeeding intervals during the 
day. When a considerable decline in the concentration of urea 
in the blood had been observed in each rat, the litter of young was 
restored to the mother’s cage without, however, the food cups being 
replaced. The graph for Rat A on Fig. 6 is representative of the 
response obtained from each of the six mother rats in this group. 

It is seen that following the decline in the urea content of the 
mother’s blood, a sharp increase occurs after the young have 
suckled. The rise was observed at even as short an interval as 
20 minutes after the beginning of suckling. The conclusion seems 
warranted that the puzzling observation made earlier, of the rise 
in concentration of urea in the blood of Rat 153 without food was 
due to the active nursing of the young. It is also probable that 
the same explanation accounts for the increase first observed for 
this same rat, thought at that time to be due solely to an intake of 
food. 

Although the results demonstrated that prompt and striking 
increases in the concentration of urea in the blood of partially 
nephrectomized rats on a high casein ration may be produced in 
response to the act of withdrawal of milk by the young even 
though food has not been consumed by the mother rat for several 
hours previously, it was not clear whether the phenomenon was 
general in nature or occurred only under the special conditions 
of high casein feeding and partial nephrectomy. Accordingly, 
further experiments were carried out on lactating rats fed rations 
rich in casein, liver, or egg albumin, as well as rations relatively 
low in protein. Both intact rats and those in which one kidney 
had been removed were fed stock rations. 

The physiological response was found to be decidedly general 
inasmuch as distinct increases in the urea content of the blood were 
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observed in each type listed above. Of the 55 periods of suckling 
studied, forty-six showed an augmented concentration of urea 
in the blood of the mother following a half hour to an hour of nurs- 
ing. Typical graphs of the individual experiments are shown in 
Fig. 6. 

The type of protein fed seemed to exert some influence. The 
average concentration of urea in the blood of the mother rat at an 
early hour of the day when the experiments were begun was 


TABLE II. 
Concentration of Urea in Blood of Lactating Rats as Related to Diet and 
Reduction of Renal Tissue. 








Rats 
Rats with one kidney. with two 
kidneys. 

| ict | a | High 
. | igh High | egg — = ‘ 
NE SE TN ids cariasecssneracdunsieesanenved -| ensein. | liver. | albu- | Stock. Stock. 
| min. 
No. of periods of nursing studied......| 17 | 18 | 13 | 4 3 


Average increase in concentration of | 

urea in blood of mother rat following 

nursing period, mg. per 100cc. blood...| 18.6) 6.5) 15.1) 12.0 6.0 
Greatest single increase in urea in blood | | | 

of mother following nursing period, | 

mg. per 100 cc. blood.................-| 50.0} 31.0) 29.0; 19.0) 10.0 
No. of nursing periods not followed by | | 

increase in urea content of blood.....; 2 7] #O 0 0 
Average concentration of urea in blood 

at beginning of experimental day, | 


mg. per 100 cc. blood. .........0.0000: 138.8) 107.3) 123.3) 81.0, 39.0 
Highest single determination of urea | 


during day, m7. per 100 cc. blood.... .| 191.0, 150.0) 159.0) 117.0, 67.0 





greater in those cases where high casein or high egg albumin was 
fed than with a ration containing an approximately equal concen- 
tration of nitrogen from liver. Furthermore, the magnitude of the 
average increase following nursing was greatest after previous 
feeding of casein-rich rations. These relationships are made clear 
in Table IT. 

An important point to be determined because of its bearing on 
the nature of the phenomenon observed was whether or not the 
degree of increase in urea concentration in the blood is proportional 
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to the amount of milk obtained by the young in nursing. While 
this question could not be settled with certainty by any of the 
methods that suggested themselves, significant data bearing on this 
point were obtained by weighing the young just before and just 
after nursing. The amount of milk estimated by this method 
showed so imperfect a correlation with the apparent vigor of the 
efforts of the young to nurse that later, in thirty-two instances, the 
weights of the mother rats were recorded also. In twenty-five of 
these, the increase in weight of the litter failed to equal the loss in 
weight of the mother by from 3 to 7 gm., for some undetermined 
reason. A loss of weight of the young due to excreta does not 


TABLE III. 
Fluctuations in Urea Content of Blood of Mother Rats in Relation to Amount of 
Milk Nursed by Young a Short Time Previously. 














Increase in concentration of _ P : 
blood ros per 100 ce, between | renin weight of mother rat. | Gain or Jos in weight of 
nursing period. | 
mg. gm. gm. 

19.5 0.0 —4.0 

15.0 0.0 —4.0 

20.0 0.0 —2.0 

8.4 —3.0 +2.0 

3.2 —4.0 | +3.0 

10.4 —8.0 | +6.0 

6.3 —13.0 | +12.0 





seem to be the factor involved. However, in seven of the thirty- 
two cases, these discrepancies were not found. 

Three cases were selected where a lack of decrease in weight on 
the part of the mother gave assurance that no significant amount 
of milk was obtained by the young, for a group on the one hand; 
four others were selected where the loss of weight on the part of the 
mother was practically equalled by the gain in weight on the part 
of the young, thus lending validity to the figures as a true estimate 
of the amounts of milk obtained, on the other hand. A compari- 
son of the increases in the concentration of urea in the blood of the 
mother rats in the two groups would then be a crucial test of the 
question raised above as to whether these increases in urea are 
proportional to the amount of milk nursed. 
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From the data in Table III it seems obvious that the increases 
observed in the urea content of the blood of lactating rats are not 
proportional to the amount of milk nursed. While the figures 
for urea cannot be taken to represent exactly the total increases for 
each period, inasmuch as the maximum height of the increase may 
not have been revealed by the sample obtained, nevertheless the 
fact that increases in urea content occurred at all when evidently 
no milk was obtained shows that the increases in urea and the 
amount of milk nursed are not correlated. This observation is 
of importance inasmuch as the first hypothesis assumed was that 
the source of the urea causing the increased concentration might be 
incident to a rapid formation of milk during or following nursing 
to replace that withdrawn by the young. This hypothesis there- 
fore cannot be correct. It is, however, not inconceivable that the 
sensation of pulling at the teats might normally initiate the mobili- 
zation of protein for milk formation through some reflex mecha- 
nism inasmuch as this sensation would usually be accompanied by 
the withdrawal of milk from the mamme. 

The discovery that the fluctuations in urea values in the blood 
are not proportional to the amount of milk withdrawn suggested, 
however, the possibility that the whole phenomenon might be a 
response of the animal to the emotional excitement incident merely 
to obtaining the blood samples. This possibility had seemed at 
first to have been obviated by the taking of two or more blood 
samples before nursing, following the withdrawal of food, and 
finding so pronounced rates of decline in the urea concentration in 
the blood in this preliminary period. The question had not been 
entirely answered, however, inasmuch as the intervals between 
the preliminary samples were usually not so short as the intervals 
between the samples taken before and after nursing respectively 
and hence the possibility still remained that a rise in urea content 
had followed the taking of the former samples, but had been 
of so brief duration as to have escaped detection. The reason 
that the two or more preliminary blood samples were not taken 
more closely together in the experiments from the first was 
that it was thought important to disturb the rat as little as 
possible just before nursing in order to avoid excitement and 
induce an adequate flow of milk. However, in certain of the 
experiments this consideration was set aside and blood sam- 
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ples were taken at brief intervals without nursing. In only 
thirteen of the 95 intervals without nursing where the trend of 
the urea content was determined was there any increase found. 
Of these, eight instances occurred at an early hour in the day follow- 
ing the removal of the ration cup and may have been due entirely 
to the metabolism of protein recently eaten. In five cases, how- 
ever, illustrated by rat B on Fig. 6, increases seem really attribut- 
able to the disturbance incident to the blood sampling, and may 
be a confirmation of Tashiro’s results. He has shown (1925, 
1926) that the urea nitrogen concentration of the blood of 
rabbits is increased by parasympathetic stimulants such as pilo- 
earpine and choline, or by directly stimulating the peripheral 
stump of the vagus but is decreased by injections of atropine and 
adrenalin or by the direct stimulation of the splanchnics or the 
central stump of the vagus. He noted also a prompt increase in 
the urea concentration of the blood of rabbits during the process of 
binding them. After 3 to 5 hours of binding, the urea concentra- 
tion was sometimes found to be doubled. He attributed this 
phenomenon to the central stimulation of the vagus. Astanin 
and Rubel (1928) confirmed the results obtained by Tashiro by 
stimulation of the peripheral end of the vagus in contrast to the 
failure to increase the urea concentration of the blood on stimulat- 
ing the sympathetic nerves. They suggested the possible nervous 
influence on some gland of internal secretion. 

The results of the experiments with rats in the present instances, 
however, clearly demonstrate that the increases in urea in the 
blood following nursing are of unmistakably greater magnitude 
than those resulting from the blood sampling itself. This is illus- 
trated in Fig. 6 by the graph of Rat C, where repeated samples of 
blood taken at close intervals during the day showed a steady 
decrease in the urea content of the blood; but on the other hand, 
the sample taken following a nursing period late in the day showed 
the typical response of augmented urea. 


DISCUSSION. 


In view of the multiplicity of the influences which have been 
shown in this investigation to have a bearing on the urea concen- 
tration in the blood, and the wide fluctuations occurring during 
even an hour’s time, there seerns no justification for an attempt to 
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formulate an exact mathematical expression of the values for urea 
in the blood of these experimental animals, such as has been 
devised by MacKay (1928) to express the relationship between 
the renal weight of her experimental rats and the concentration 
of urea in their blood derived from food protein, based on single 
determinations. 

On the other hand these experiments are suggestive of such 
possible relationships in a qualitative way. The larger relative 
size of the kidneys of the young of mother rats on high protein 
rations (Parsons, Smith, Moise, and Mendel, 1930) as well as the 
very striking enlargements of the kidneys of these females them- 
selves in comparison with non-lactating rats, seems to be corre- 
lated with blood changes. One might postulate an influence due 
to the concentration of nitrogenous metabolites circulating in the 
mother’s blood and perhaps passing into her milk in more than 
usual amounts. But although the fluctuations in the blood urea 
were the observed phenomena associated with nursing, it would 
be an unwarranted assumption to restrict the possible agent in the 
renal changes in mother and offspring to urea itself, inasmuch as 
the concentrations of other metabolites were not determined simul- 
taneously. It is conceivable that some substances more physio- 
logically active than the relatively inert urea are also involved in 
the mobilization of nitrogen of which the urea fluctuations in these 
experiments seem to be an index. 


SUMMARY. 


Striking fluctuations were observed in the urea concentration in 
the blood of rats subjected to varying conditions in respect to reduc- 
tion of kidney tissue, concentration of dietary protein, and the 
burdens of reproduction. 

The highest concentration of urea, 191 mg. per 100 cc. of blood, 
occurred in a lactating rat with one kidney, on a high casein ration. 

It has been shown that the increased food intake of the lactating 
females accounts only in part for the extreme values observed. A 
definite influence of the act of suckling itself on the concentration 
of urea during fasting has been demonstrated in the blood of intact 
rats as well as those with only one kidney, when the ration con- 
sumed previous to the fast was rich in casein, liver, or egg albumin, 
or contained only moderate amounts of protein. 
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Inasmuch as the increases in the concentration of urea in the 
blood of the lactating rat following the suckling of the young seem 
not to be closely correlated with the amount of milk nursed, it is 
possible that they result from an emotional response to the act of 
suckling itself rather than from the formation of milk in the mam- 
mary gland. 

An occasional slight increase in the urea concentration occurred 
following the taking of the blood sample without nursing, and may 
be related to the effect on blood urea shown by others to result 
from manipulation of the experimental animal. However, the 
increases in urea in the blood of rats following nursing were 
demonstrated to be of unmistakably greater magnitude than 
those resulting from the blood sampling itself. 


It is a pleasure to acknowledge the generous assistance of Profes- 
sor Arthur H. Smith and Professor Lafayette B. Mendel of the 
Laboratory of Physiological Chemistry and Dr. T. 8. Moise of the 
Department of Surgery of Yale University both in guiding the 
research during its early phase and in revising the manuscript. 
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It has been shown that the administration of phosphorus in 
large doses may lead to a decrease of the serum calcium (1-6), 
although, in the experiments published, the decrease of the calcium 
does not show any regular quantitative relationship to the simul- 
taneous increase in the serum phosphorus. It is possible that the 
phenomenon indicates saturation or supersaturation, although 
it must be kept in mind that the conditions in the serum are not 
directly comparable to those in an inorganic solution in contact 
with the solid phase. 

The failure of the bones to calcify in rickets and the low values 
for phosphorus found in the serum in this disease, would lead one 
to believe that the serum in rickets would not show this phenome- 
non, whatever its significance may be. In the work published by 
Orr, Holt, Wilkins, and Boone (6), however, it was shown that 
phosphorus administration to a rachitic infant may also lead to a 
decrease of the serum calcium. It seemed to us that this was an 
important observation and we have, therefore, administered phos- 
phorus to rachitic rabbits and determined the serum calcium and 
phosphorus before and after the administration. The results may 
be seenin Table I. The administration of phosphorus has in every 
case, except one, led to a definite decrease in the calcium concen- 
tration. In one case the phosphorus concentration increased to a 
value of normal magnitude, in another it increased to a value higher 
than normal. In the remaining cases the phosphorus after the 
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administration, although higher than before, was still lower than 
normal, but the decrease of the calcium has taken place also in 
these cases. 

In another series of experiments we have raised the concentra- 
tion of phosphorus in the serum of rachitic rabbits by the adminis- 
tration of cod liver oil, irradiated ergosterol, or ultra-violet light 
(Table II). Only those cases are included in the table where the 
treatment resulted in an increase of the phosphorus of at least 
0.25 millimols per liter of serum. Also when the phosphorus was 
increased by these therapeutic agencies, a decrease of the calcium 
generally occurred. It is obvious that the effect must be one of 


TABLE I. 
Effect of Phosphorus Administration (Secondary Sodium Phosphate) on the 
Serum Caleium in Rachitic Rabbits. 


Values are expressed in millimols per 1000 cc. of serum. 

















P Ca 
Ce 
Ly Before | Atter P| Before | Alter P| Remarks. 
| - ac = Re -| 
|aacisa | ration. /S2suine | tration. | 
8 | 0.87 1.52} 3.47] 2.93) 10 mg. P intraperitoneally. 
13 | 0.87 | 1.08 3.48 2.65 | = - 
148 0.97 | 1.59 3.35 2.63 | 500 “ ‘ by mouth. 
158 | 0.65 | 0.87 3.10 2.85 | — eS ws 
168 | 0.40) 0.63 | 3.07) 2.83 | 69 “ « « ° 
201 | 1.06) 4.61) 3.10) 1.44} 79 “ “intraperitoneally. 
207 | 0.87] 2.65] 3.23] 3.18 | ils “ 








only temporary duration. (We have also a series of animals given 
rachitic diet and cod liver oil for longer periods, and these animals 
show, as might be expected, perfectly normal values both for 
calcium and phosphorus; this is such a well known finding that we 
do not think it worth while to include these data in our paper.) 
The animals in Table II who received cod liver oil for 3 or 4 days 
all show a decrease of the serum calcium. The animals having 
received cod liver oil for 5 days do not all react in the same way; 
one shows a very marked decrease of the calcium, in two cases the 
values are about the same before and after treatment, and in one 
the calcium is higher after the administration of cod liver oil. 
When ergosterol was given, five animals showed (after 2 days) a 
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TABLE II. 
Effect of Cod Liver Oil, Light, or Irradiated Ergosterol on the Serum Calcium. 


Values are expressed in millimols per 1000 cc. of serum. 























P | Ca | 
Experi- |__ 
ment | Before | After | Before | After Remarks 
treat- | treat- | treat- treat- | 
ment. ment. ment. | ment. | 
217 | 0.86 | 1.76 | 2.50 | 2.15 | 1 ce. cod liver oil daily for 3 days. 
224 | 0.79 | 1.20 | 3.15 2.41 ree ae eae te "3 * 
ee ek Ce 8 Oe Fe ais “= 
931 |0.58| 1.82| 3.07) 240/1 % “ © « & wg « 
232 | 0.88) 1.62| 3.00) 2.78) 1 * 4 eg 6 
— 1601 1 sei aeii* « *-§ = © Oe @ 
225 | 0.70) 0.95 | 3.08 | 3.40} 1° ne 5 * 
227 0.60 1.30} 3.10 sae; * - & “a 
229 | 0.68) 1.06; 3.10; 3.14);1 “* § - =“, ° 
234 | 0.97/ 3.00 | 3.23 | min? * « “g * 
237 | 0.27) 1.36) 3.03) 2.89| 1 “ergosterol daily for 2 days. 
238 | 0.41 1.64 | 3.28; 2.82;1 “ o a ee oe 
239 | 0.44) 1.32) 3.31] 2.42])1 “ " oo ug « 
241 | 0.45) 1.87/ 3.06] 1.76/1 ‘ ~ “s * 
242 |0.86| 1.45| 3.02| 3.4611 ee eo “g « 
245 (0.88) 1.53) 3.46) 3.16 | 1 “ “eg 
247 | 0.56; 1.11 2.98 | 3.12 1 = So. 
249 | 0.69 | 1.50 | 2.96 | 3.20 | 1 _— = 
268 | 0.97 1.32) 3.14) 3.03 | 5 min. ultra-violet light, two treat- 
| | ments Ist day, one 2nd day, sample 


taken after third treatment. 





TABLE III. 
Decrease of Serum Calcium in Cases of Spontaneous Healing. 


Values are expressed in millimols per 1000 cc. of serum. 











Experiment No. P Ca 
18 2.07 2.11 
15C | 2.75 1.88 
47 | 3.10 1.60 





P in normal rabbits, 2.86, standard deviation +0.51; Ca in normal rab- 
bits, 2.95, standard deviation +0.31. These figures were obtained on a 
series of twenty-two rabbits of the same age as those used in the experi- 
ments and receiving a diet of oats and green leaves or the Steenbock 
stock diet (yellow corn, 76.0 gm.; gluten flour, 20.0 gm.; CaCO ;, 3.0 gm.; 
CaCl, 1.0 gm.). 
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decrease of the serum calcium, while in three (also after 2 days) 
the calcium had increased. Of the animals treated with ultra- 
violet light only one is included in Table II, that being the 
only one in which the treatment resulted in an increase of the 
phosphorus. This animal shows a slight, but quite definite, 
decrease of the calcium after treatment. 

That the treatment of rickets may result in tetany has been 
known since the publication of Huldschinsky (7) and recently 
confirmed by Gerstenberger and his collaborators (8). None of 
the rabbits in our series showed any clinical signs of tetany, but the 
drop in serum calcium (observed also by Gerstenberger) was oc- 
casionally very marked. We have observed the same phenome- 
non also in spontaneously healing rickets in rabbits (Table III). 
In a large series of rachitic rabbits, fourteen showed definite x-ray 
evidence of healing. Of these fourteen, three showed markedly 
diminished calcium concentration and normal values for phos- 
phorus. One rabbit, showing no signs of healing, presented the 
same blood picture, but it must be remembered that not until 
healing has proceeded for some time can it be diagnosed by x-ray. 

DISCUSSION. 

The decrease of the serum calcium accompanying a sudden in- 
crease of the serum phosphorus in rickets indicates that the serum, 
before the rise of the phosphorus occurred, held as much of cal- 
cium and phosphorus as was compatible with existing conditions. 
Before the phosphorus had, by one way or another, been made to 
increase, there was no relationship between the concentration of 
phosphorus and of calcium; the latter being always present in 
normal amounts, while the phosphorus was more or less markedly 
decreased, according to the severity of the rickets. After the 
phosphorus had increased, however, there was a definite relation- 
ship between the concentration of calcium and of phosphorus 
(Fig. 1); the higher the phosphorus, the lower the calcium. (The 
relationship is, obviously, a logarithmic one, and the correlation 
coefficient between log Ca and log P is —0.74 + 0.13. The data 
are compatible with a compound as acid as Ca,;;P and as alkaline 
as Ca; ;P.) 

The results of our experiments show that the serum in rickets, 
in spite of the low concentration of phosphorus, still is saturated in 
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the same way as the normal serum. It has already been pointed 
out that the conditions in the serum are not comparable to those 
obtaining in an inorganic solution, and when we use the word 
saturation in this connection we are well aware that this may not 
be saturation in the ordinary sense of the word. Our experiments 
and the similar experiments made on normal animals do not add 
anything to the question of how calcium and phosphorus are 
bound in the serum and we feel, therefore, that this is not the 
place to discuss the numerous in vitro experiments bearing on this 
question. Itis possible that the decrease of the calcium may better 
be described as a threshold phenomenon, as the calcium must leave 


mM Ca 
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oo 0 
2.00 Pe ° 
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0 
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+ 
m4 P 
0 1.00 2,00 3.00 4.00 


Fic. 1. Relation between serum calcium and serum phosphorus after 
administration of phosphorus (crosses), antirachitic therapy (circles), and 
spontaneous healing (dots). 


the blood stream either by way of the capillary wall or the kidneys, 
and this threshold phenomenon may or may not be connected with 
the solubility of calcium phosphate in the serum. If it is depend- 
ent on solubility, then the presence of this phenomenon in rickets, 
where the serum phosphorus is decreased, indicates that the fac- 
tors governing solubility must in rickets be adjusted differently 
than in the normal serum. On the administration of cod liver oil, 
the increase of the phosphorus would, then, precede the readjust- 
ment of the solubility factors and the initial effect would be a de- 
pression of the calcium concentration. After a period of a few 
days the readjustment of the factors governing solubility would 
take place, allowing the serum to hold normal amounts both of 
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calcium and phosphorus. We are at present investigating the 
validity of this tentative hypothesis. 


Methods. 


The rabbits were made rachitie with the McCollum Diet 3143 
(9). They were put on this diet at the age of 4 weeks and the 
experiments made after they had been on the diet for 20 to 50 
days. 

The phosphorus was determined by the method of Fiske and 
Subbarow (10), calcium according to a procedure similar to that of 
Fiske and Logan (to be published). 


SUMMARY. 


In rachitic animals an increase of the serum phosphorus (as a 
result of phosphorus administration, therapeutic agencies, or 
spontaneous healing) is often accompanied by a decrease of the 
serum calcium. 


BIBLIOGRAPHY. 


1. Tisdall, F. F., J. Biol, Chem., 64, 35 (1922). 
. Salvesen, H. A., Hastings, A. B., and McIntosh, J. F., J. Biol. Chem., 
60, 311 (1924). 
. Binger, C., J. Pharmacol. and Exp. Therap., 10, 105 (1917-18). 
. Klercker, K. O., and Odin, M., Acta Pxdiat., 5, 79 (1926). 
. Rohmer, P., Compt. rend. Soc. biol,, 86, 859 (1922). 
. Orr, W. J., Holt, L. E., Wilkins, L., and Boone, F. H., Am. J. Dis. 
Child., 28, 574 (1924). 
. Huldschinsky, K., Z. Kinderheilk., 26, 207 (1920). 
8. Gerstenberger, H. J., Hartman, J. I., Russell, G. R., and Wilder, T. S., 
J. Am. Med. Assn., 94, 523 (1930). 
9. McCollum, E. V., Simmonds, N., Shipley, P. G.. and Park, E. A., 
J. Biol, Chem., 47, 307 (1921). 
10. Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 66, 375 (1925). 


a om i) 


~I 











FURTHER STUDIES ON THE ISOMERIZATION OF 
ERGOSTEROL. 
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There are many isoergosterols, and the literature pertaining to 
them is confused. For discussion, they may be classified into 
groups which are convenient, if not chemically systematic: (1) 
naturally occurring, activatable isomers. Examples are found 
in the ergosterols of different specific rotation, obtained by Heil- 
bron, Sexton, and Spring (1) and by Bills and Cox (2) from yeast 
grown under different conditions. The existence of these isomers 
in difficultly separable mixtures is undoubtedly a factor in the lack 
of agreement as to the physical constants of ergosterol. 

(2) Activatable isomers prepared from ergosterol. Examples 
are the ergosterols of different rotation and chemical properties 
obtained through acetylation by Heilbron and Sexton (3), and by 
Heilbron, Sexton, and Spring (1). Some of these forms may be 
identical with forms of the first group, to which they are at least 
closely related. Their existence has been questioned by Lettré (4). 
The esterification of ergosterol is always fraught with the possi- 
bility of isomerism, even though the preparation of ergosteryl 
isobutyrate by Bills and Honeywell (5) apparently involved no 
such change. By treatment of ergosterol with benzoyl chloride 
in pyridine, Windaus and Rygh (6) obtained a benzoate, [a], = 
—68°, whereas Bills and Honeywell reported [a], = — 177°. 
Some slight difference in procedure had occasioned the great 
difference in rotatory power. 

(3) Non-activatable isomers prepared from ergosterol. Ex- 
amples are the isoergosterols obtained with inorganic acids, and 
with acid chlorides in the absence of the pyridine diluent (Reindel, 
Walter, and Rauch (7), Bills and Cox (2), Windaus and Rygh (6), 
Heilbron and Spring (8)). 
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In a previous paper Bills and Cox (2) described three isoergo- 
sterols of the third group which were prepared from ergosterol 
by the catalytie action of hydrochloric acid, hydrobromic acid, 
and cinnamoy! chloride. These forms, mutually transformable 
by the appropriate catalysts, were distinguished by their specific 
rotations. The question arises, are they chemically individual, or 
do they consist of mixed isomers in equilibrium? 

It was shown that the three forms differed mainly in rotatory 
power; very little in melting point or crystal habit. We have since 
observed that the absorption curves are strikingly similar in shape 
and height, extending from about 220 to 270 mu, reaching a maxi- 
mum at 248 mu, and indicating a molecular extinction coefficient 
of approximately 16,000. 

In the present investigation the isomers were subjected to re- 
peated crystallization from alcohol. Nearly saturated hot solu- 
tions were cooled gradually to room temperature, refrigerated a 
few hours, and the crystals filtered off. The crystals were de- 
hydrated in a high vacuum at 80° for 10 minutes. The mother 
liquors were reduced to dryness by warming under a current of air, 
and the residues were then dehydrated like the crystals. All 
crystal crops and their mother liquors were examined polarimetric- 
ally, and most of them, spectrographically. The polarimetric 
determinations were made in chloroform; the spectrographic, in 
alcohol. Thus we were able to observe the trend of fractionation 
very closely. 

A new supply of hydrochloric isomer was prepared. 20 gm. of 
purified ergosterol, [a];33; = —157°, were dissolved in 700 cc. of 
chloroform. 40 cc. of HCl, sp. gr. 1.18, were added, and the mix- 
ture was shaken in the dark for 6 hours at 25°. The chloroform 
layer was separated from the aqueous layer and rapidly evapo- 
rated over a boiling water bath. The residue was comminuted 
with 150 cc. of alcohol, refrigerated, filtered with suction, and 
washed with four 50 cc. portions of ice-cold aleohol. The product 
thus obtained was designated Crop 1. The combined filtrates 
were diluted with } volume of water, and a fine precipitate was 
recovered from the yellow solution of decomposition products. 
This precipitate, still somewhat yellow, was designated Liquor 1. 
Crop 2 was obtained by recrystallizing Crop 1 from alcohol, the 
crystals being washed with a little ice-cold aleohol. The com- 
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bined filtrates from Crop 2 were evaporated to dryness, giving 
Liquor 2. Successive crystallizations gave Crops 3 to 13 and 
Liquors 3 to 13. 

The hydrobromic isomer was prepared like the hydrochloric, 
except that HBr, sp. gr. 1.39, was employed instead of HCl, and 
the time of shaking was reduced to 2 hours. Crops and Liquors 
1 to 13 were obtained. 

















Fig. 1. Fractional crystallization of hydrochloric isomer. Weight of 
Crops 1 to 13, ingm.: 16.1, 14.0, 12.8, 11.2, 10.4, 9.6, 8.4, 7.8, 7.4, 6.6, 6.0, 5.2, 
4.6. 


Cinnamic isomer was prepared by heating equal parts of dehy- 
drated ergosterol and cinnamoy!] chloride! at 170° for 5 minutes. 
The product was dissolved in ether at room temperature and 
filtered through hardened paper. To the clear solution 1.5 vol- 


1Cinnamoyl chloride is unstable, even in the absence of moisture. 
Should commercial preparations be unsatisfactory, this reagent may be 
prepared by refluxing 10.0 gm. of cinnamic acid, 20.0 cc. of benzene, and 
12.0 ce. of oxalyl chloride for 20 minutes, and then distilling off the benzene 
(reaction of Adams and Ulich). 
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umes of 96 per cent alcohol were added. The solution after stand- 
ing overnight at — 16° was filtered; the cinnamate leaflets were 
washed with a little pure acetone, and twice recrystallized from 
permanganate-treated ligroin. 10 gm. of the cinnamate were 
refluxed with 500 cc. of 2 per cent KOH in 96 per cent alcohol. 
Boiling was continued for 5 minutes after the last crystal dissolved, 
and then to the hot solution 125 ce. of hot water were added. 
The product was refrigerated, filtered with suction, washed with 
65 per cent alcohol, and then with 50 per cent alcohol until the 
filtrate was neutral to litmus. The fine, colorless, crystals com- 
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Fig. 2. Fractional crystallization of hydrobromic isomer. Weight of 
Crops 1 to 13, in gm.: 16.1, 14.4, 13.6, 12.4, 11.6, 10.8, 9.6, 9.2, 8.6, 7.6, 6.5, 
6.0, 5.4. 


prised Crop 1. There was in this instance nothing to designate as 
Liquor 1. Crops and Liquors 2 to 11 were obtained by recrystal- 
lization. 

The fractionation of the hydrochloric isomer is illustrated in 
Fig. 1. The first crude crystals, Crop 1, showed [a];33, = —60.8°. 
Successive crystal crops exhibited less and less levorotation, the 
decline being rapid and regular at first; less rapid and somewhat 
irregular towards Crop 13. Crop 13 gave [a];33; = —43.6°; m.p., 
142°. The general form of the curve suggests that an infinite 
number of crystallizations would reduce the specific rotation to 
about —41°. 

The first mother liquor gave [a]s33; = —73.1°. As deeomposi- 
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tion products were progressively removed there was a marked 
increase in optical activity, Liquor 4 showing the maximum 
lalsia1 = —85.0°. From Liquor 4 to Liquor 13 the specific rota- 
tion decreased, approaching that of the crystal crops. It is pos- 
sible that if no decomposition products had been present, Liquor 1 
would have exhibited greater optical activity than Liquor 4. 

The fractionation of the hydrobromic isomer is illustrated in 
Fig. 2. Crystal Crop 1 showed [a];33; = —52.5°. With succes- 
sive crystallizations the rotation decreased with considerable 
regularity, the curve seeming to approach —41° as its limit. 
Crop 13 gave [a]siq) = —42.3°;m.p., 142°. Liquor 1 gave [a];i3; = 
—59.8°. Liquor 2 exhibited less optical activity, probably on 
account of a yellow decomposition product which was concen- 
trated into it from Crop 1. Liquor 4 again showed the maximum 
levorotation, 59.9°. From Liquor 4 to Liquor 12 there was a 
definite, though somewhat irregular, decrease in rotation. Liquor 
13 showed a sudden drop, of doubtful significance, since this prod- 
uct yellowed noticeably during evaporation. Changing the sol- 
vent to acetone resulted in no better separation of either the 
hvdrobromie or hydrochloric fractions. 

The fractionation of the cinnamic isomer is illustrated in Fig. 3. 
One should bear in mind that this fractionation actually began 
when the isoergostery! cinnamate was crystallized from ether and 
ligroin. How much separation took place at those stages is un- 
known, since our curves illustrate only the fractionation ob- 
tained after the ester had been saponified. 

Crystal Crop 1 showed [a];3, = —40.2°. With successive 
crystallizations the rotation decreased with considerable regularity, 
the curve seeming to approach —31° as its limit. Crop 11 gave 
lalsaen = —32.7°; m.p., 145°. The first liquor available, Liquor 2, 
gave [a];23, = —72.9°. Successive liquors exhibited, in general, 
less and less optical activity, the specific rotation approaching 
that of the erystal crops. 

The original isoergosterol of Reindel, Walter, and Rauch (7) 
was prepared by passing hydrogen chloride through a chloroform 
solution of ergosteryl acetate, and saponifying the resultant isoer- 
gosteryl acetate. Heilbron and Spring (8) reported that the iso- 
ergosteryl acetate could be fractionally crystallized into two forms, 
which gave upon hydrolysis two isoergosterols, [a|sj}; = —134.2° 
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and [alsi31 = —95°. Reindel’s isoergosterol gave [a], = —87°, 
which is equivalent to [a];4: = —110°. In our laboratory several 
attempts to prepare isoergosterol by the Reindel method yielded a 
product no more levorotatory than [a]? = —40° or [a];3; = —51°. 
In one instance, by very brief treatment, we did obtain a mixture 
showing higher rotation, but this probably contained ergosterol, 
because it was activatable by ultra-violet light. We cite these 
data, not as a contradiction of the European workers, but as an 
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Fic. 3. Fractional crystallization of cinnamic isomer. Weight of Crops 
1 to 11, in gm.: 7.1, 6.5, 5.7, 4.8, 4.4, 4.0, 3.7, 3.3, 3.1, 2.9, 2.4. 


example of the delicateness of molecular relations encountered in 
ergosterol chemistry. 

Heilbron and Spring further reported that by the action of al- 
coholie sulfuric acid on ergosterol a pure isoergosterol was ob- 
tained in almost quantitative yield. It appeared to be identical 
with one of the fractions, [a];71; = —134.2°, prepared from the 
Reindel acetate. It occurred to us that this might be the high 
rotating isomer which was present in the liquors from our hydro- 
chloric, hydrobromic, and cinnamic isomers. To prepare a sup- 








re 
il, 
se 
in 


S 





C. E. Bills and F. G. MeDonald 343 


ply of it we followed the directions of Heilbron and Spring as 
closely as the published details permitted. 15 gm. of ergosterol, 
lalsin) = — 157°, were refluxed for 1 hour with a mixture of 100 gm. 
of concentrated sulfuric acid made up to 1000 ce. with 96 per cent 
alcohol. 260 cc. of water were added, and the product was re- 
frigerated. The crystals were filtered off and washed with 65 per 
cent alcohol until the filtrate was neutral to litmus. The nearly 
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Fic. 4. Fractional crystallization of sulfuric isomer. Weight of Crops 
1 to 8, ingm.: 11.1, 5.0, 4.1, 3.3, 2.9, 2.5, 2.0, 1.8. 


white product thus obtained was designated Crop 1. There was 
in this instance nothing to designate as Liquor 1. Crop 2 was 
obtained by recrystallizing Crop 1 from aleohol-benzene (2: 1),the 
crystals being washed with 65 per cent alcohol. The combined 
filtrates from Crop 2 were evaporated, giving Liquor 2. Crops 
and Liquors 3 to 8 were obtained by successive crystallizations 
from alcohol. 

The fractionation of the sulfuric isomer is illustrated in Fig. 4. 
To our surprize, this'was not a pure compound, but just as much a 
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mixture as the others. Crystal Crop 1, containing a trace of pig- 


ment, showed [a];3, = —103.3°. Crop 2, which was colorless, 
25 ’ ° ° n 

showed [a]s53,; = —111.2°. Successive crops decreased in specific 

rotation, Crop 8 showing [a]sis; = —82.6°; m.p., 145°. The curve 


gives little indication of the ultimate rotation which an infinite 
number of crystallizations would bring; certainly that value would 
be much lower. 

The first liquor available, Liquor 2, gave [alsis: = —91.9°. 
Successive liquors exhibited increasing levorotation, until Liquor 6 
showed the maximum, [a]sie: = — 127.6°; m.p.,112°. Applying the 
proper temperature correction, we calculate [a];33; = —130.8°. This 
is practically the value given by Heilbron and Spring for their highly 
levorotatory “pure” isoergosterol. It is evident, from the liquor 
curve of Fig. 4, that our Liquor 6 was far from pure. If sufficient 
material had been available for a sub-fractionation of Liquor 6, 
we should have expected to separate it into a portion of compara- 
tively low specific rotation, and a portion exhibiting a rotation 
many degress greater than the observed value. After Liquor 6 
the specific rotations fell, Liquor 8 showing [a];3; = —115.6°. 
The fractionation was discontinued at this point, the remaining 
material being retained for conversion into hydrochloric isomer 
(see below). 

It has already been shown, by Bills and Cox (2), that certain 
isoergosterols are intertransformable. Thus when one of the 
isomers (hydrochloric, hydrobromic, or cinnamic) is treated with 
the acid which produces another, the first is converted into the 
second. We have repeated this observation with our fractionated 
products. Crystal Crops 13 of the hydrochloric and hydrobromic 
isomers were united, and the mixture, [a];33; = —43°, was retreated 
with hydrochloric acid. Five successive crystallizations were 
made, the specific rotations of the crystals and liquors being de- 
termined as before. The fractionation curves were essentially 
identical with the curves for the original hydrochloric isomer. 

Crystal Crop 8 of the sulfuric isomer was similarly treated with 
hydrochloric acid, and five crystallizations were made. In this 
case the fractionation curves were different from those of the orig- 
inal hydrochloric isomer. Each crystal crop showed about 6° less 
levorotation than the corresponding crop of the original. The liquors 
showed differences of from 8° to 21° less than the corresponding 
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liquors of the original. Thus it appears that the mixture which 
we call the sulfuric isomer is not wholly intertransformable with 
the hydrochloric isomer, and presumably not with the hydro- 
bromie or cinnamic isomers. It would seem that sulfuric acid 
exerts its isomerizing effect differently than the other catalysts. 
We are coming to realize that the isoergosterols produced by one 
or another catalyst are mixtures of isomers existing in equilibria 
determined by the catalyst. Possibly certain components of 
these mixtures are common, while others are specific to the 
catalyst. 

Many absorption curves were plotted for the same fractions 
that were studied polarimetrically. The characteristic isoergos- 
terol band was noted in all cases. The molecular extinction 
coefficient remained approximately 15,000 to 16,000 for the 
various crystal crops of the hydrochloric, hydrobromic, and cin- 
namic isomers. The extinction coefficient was lower—about 
11,000—in Liquors 3 of the hydrochloric and hydrobromic isom- 
ers, where the specific rotation was high. Nevertheless, this 
lowering was not evident in Liquor 2 of the cinnamie isomer, where 
the specific rotation again was high. 

The extinction coefficients of the sulfuric isomer fractions lent 
confirmation to the conclusion from polarimetric work, that this 
isomer is inherently different from the isomers produced by the 
halogen acids. The liquors showed high extinction coefficients, 
as well as high specific rotations. Liquor 5 gave « = 18,000; 
[alsit. = —124.7°. Conversely, Crystal Crop 8 gave « = 9,000; 
[alsier = —82.6°. A small amount of apparently unchanged 
ergosterol was present in Crop 8, but not in the liquors. 

The extinction coefficient of the product obtained by retreating 
Crops 13 of the mixed HCI-HBr isomers with HCI was character- 
istic of the hydrochloric isomer. The retreated sulfuric isomer, 
however, again gave evidence of its non-intertransformability. 
Its crystals and liquors both showed ¢ = 11,000, a value which 
indicates that the sulfuric isomer was changed by the HCl, al- 
though not converted into the typical hydrochloric mixture. 


DISCUSSION AND SUMMARY. 


It is evident that the isoergosterols produced by acid catalysts 
consist of several isomers in admixture. Partial separation of the 








346 Isomerization of Ergosterol 


component isomers can be effected by repeated crystallization, 
but complete separation would appear difficult of attainment. 
Our studies indicate that these isomeric mixtures may differ in 
kind, as well as in proportion, some of the components being 
mutually transformable with others, and some not. 

The fraction showing the highest levorotation, [a]5;23; = —127.6°, 
was Liquor 6 of the sulfuric isomer; « = 17,000, m.p. = 112°. 
The fraction of lowest rotation, [a]si2; = —32.2°, was Crop 8 of the 
cinnamic isomer; ¢« = 15,000, m.p. = 144°. The fraction showing 
the highest molecular extinction coefficient, « = 18,000, was 
Liquor 5 of the sulfuric isomer; [a];33, = —124.7°, m.p. = 110°. 
The fraction of lowest coefficient, « = 9000, was Crop 8 of the 
sulfuric isomer; [a]sie, = —82.6°, m.p. = 145°. 

The lack of correlation between the specific rotation, molecular 
extinction coefficient, and melting point in the various prepara- 
tions is evidence of the multiplicity of isomeric forms which must 
be present. While it is impossible to state exactly the number 
of forms, it seems to us that the data indicate the existence of at 
least five in the various isoergosterol mixtures. 

The action of catalysts is so often similar to that of ultra-violet 
rays, that one might reasonably expect irradiated ergosterol to 
contain more than a single form of vitamin D. Actually, there 
is evidence in the recent investigations on chickens by Massen- 
gale and Nussmeier (9) of this laboratory, and clinical work in 
progress elsewhere, that activated ergosterol and cod liver oil are 
not identical in antiricketic action. Comparison of these two 
agents involves a consideration of isomerism. 
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THE DETERMINATION OF MANGANESE IN ANIMAL 
MATERIALS.* 


By J. T. SKINNER anv W. H. PETERSON. 


(From the Department of Agricultural Chemistry, University of Wisconsin, 
Madison.) 


(Received for publication, June 9, 1930.) 


In a study of the manganese metabolism of rats it became 
necessary to analyze many animals for their manganese content. 
Serious interference, due to the precipitation of calcium sulfate, 
was encountered when the official periodate method was applied 
to these samples. The same difficulty had been experienced 
previously in the analysis of feedingstuffs (1), but in that work the 
calcium sulfate, formed during evaporatiom, was removed by 
filtration. This procedure did not work well when applied to the 
analysis of whole animals. There isso much calcium in the bones 
that a satisfactory concentration of the sample could not be ac- 
complished without removing the calcium sulfate several times 
during the evaporation. 

An attempt was made to remove all of the calcium sulfate at one 
time by adding ethyl alcohol to the solution until the mixture 
contained 70 per cent by volume of alcohol. While the calcium 
sulfate was completely precipitated by this procedure, distillation 
of the filtrate failed to get rid of all the alcohol, and, as a result, 
the development of the permanganate color proved very trouble- 
some; three oxidations with periodate were sometimes necessary 
before the readings against the standard reached a maximum. 
There was also a tendency to form a brownish surface film, which 
made comparison with the standard difficult. 

While the work was proceeding the paper of Davidson and 
Capen (2) appeared giving a modification of the official method 
in which hydrochloric acid is replaced by nitric, sulfuric, or phos- 


* Published with the permission of the Director of the Wisconsin Agri- 
cultural Experiment Station. 
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phorie acid, thus shortening the method and giving as good or 
better results. Upon trying phosphoric acid in the analysis of our 
animal materials, it was found that the interference of calcium 
salts was almost entirely overcome. The new method gave uni- 
formly higher results and more complete recoveries of added 
manganese than the official method combined with the removal 
of calcium sulfate by alcohol. 

The percentage of manganese in animal materials is so extremely 
small that more than 50 gm. of dry material must be taken in some 
instances to furnish 0.05 mg. of manganese. It is necessary to 
have at least this quantity of manganese in 25 ec. of solution if the 
color is to be read in a colorimeter, even of the long, prism type. 
Such a weight of material is unwieldy and requires many hours to 
ash. In our metabolism studies it was highly desirable to be able 
to obtain analyses on a 10 to 20 gm. sample. This quantity of 
material is sufficient if the solutions are compared in 50 ee. Nessler 
tubes. Eimer and Amend tubes No. 20466 with polished colorless 
glass dises which are fused on to the glass tubes are particularly sat- 
isfactory. If the column of solution is about 200 mm. in depth, 
0.01 mg. of manganese in 50 ec. gives a readable color. The 
procedure finally adopted is as follows: 

Method.—The porcelain dishes in which the material is to be 
ashed must be extracted with dilute HCl (1:4) prior to use. 
Ash the material in a muffle furnace at a cherry-red heat. To the 
contents of the dish add 5 ee. of sirupy phosphoric acid and suffi- 
cient distilled water (30 to 50 ec.) to permit thorough extraction 
of the ash, and heat on the water bath for about 30 minutes. 
Allow the dish to cool and then filter the extract through quantita- 
tive filter paper or manganese-free asbestos. Transfer the filtrate 
to a 250 cc. beaker, add approximately 0.3 gm. of KIO,, and boil 
gently until the full development of the permanganate color takes 
place. Cool to about 40°, transfer to a Nessler tube, dilute to the 
mark, and mix by pouring back into the original beaker and again 
into the Nessler tube. Compare at once with a similarly treated 
standard of approximately the same strength. Two standards 
should be prepared and the one nearest the unknown should be 
used for comparison. 

Fold a piece of white paper so that it forms an inverted V and 
reflects the maximum amount of light vertically and place on a 
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larger sheet of white paper. Pour the lighter colored solution into 
one Nessler tube and while holding this and the empty tube over 
the reflector pour the stronger solution into the second tube until 
the colors of the two tubes match. With arule graduated in mm. 
measure the column of liquid in each tube. Pour out some of the 
stronger solution and again match the two solutions. Readings 
should check within 20r3 mm. This simple method of matching 








TABLE I. 
Detailed Data Illustrating Procedure in the Determination of Mn in Tissues 
of the Rat. 
a | Weight | | eee l a 
a a Mn in Readings. | Mn in | Ree ot | 
Rat tissue. | sample | stand- |—————— | sam-. | Oca | Mn 
| dried | ard. |Stand-| Sam- | ple. | Mn. | 
| at 100°. | | ard. | ple. | 
gm | mg mm mm | mg. |per conti mg. 
. . - | . pe en per kg. 
NG. sinkscesnnaiauiinaiciise (15 =| 0.03 | 191 | 171 (0.0335 f 233 
Te nas naan 15 =| 0.03 | 190 | 173 0. 0330) 2. 200 
“40.03 mg. of Mn...| 15 | 0.03 | 187 | 182* (0.0616, 94.5 | | 
BE ciscactosvensasernil | 20 | 0.02 | 155 | 197 0.0157 0.785 
atin alae | 20 | 0.02 | 167 | 187 0. 0179 0.895 
i * 0.03 mg. of Mn...) 20 | 0.03 | 179 | 118 0. - 95.7 
| | | 
EE ean een 15 | 0.01 | 173 | 197 0. 0088) 0. 587 
TE er ae /15 | 0.01} 176 | 200 )0. 0088 0.587 
“ 40.03mg.ofMn..| 15 | 0.03/ 195 | 151 |0. - 99.7 
| 
Whole animal............ | 13.75 | 0.05 | 186 | 205 0.0453) | 3.295 
«0.0L mg. | ; | | 
MR ins ck asnumibcal 13.75 | 0.05 | 229 | 209 0.0548, 95.0 | 





* The sample was made to 100 cc. instead of 50 cc. 


the colors avoids the necessity of preparing a large number of 
standards. 

In case a cloudiness appears before the reading can be taken it 
may be removed by concentrating the solution to about 20 cc., 
transferring it to a Nessler tube, and allowing the precipitate to 
settle out as the solution cools. The clear solution may then be 
decanted off, reoxidized, and compared without any interference 
from turbidity. 

The detailed data for three tissues of the rat and for one whole 
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animal are givenin TableI. No difficulties have been encountered 
in the analysis of other animal materials that have not been ex- 
perienced in the analysis of these four. In fact, the analysis of 
bone represents the most difficult and tedious determination to 
which the method has been applied. Although it was necessary 
to remove the precipitate several times before oxidation could be 
accomplished without loss from spattering, a 94.5 per cent re- 
covery of the added manganese was obtained. In this determina- 
tion, as in all of our tissue analyses, the manganese for recovery 
was added prior to ashing. When the manganese conteat of the 
whole individual is desired this procedure cannot be employed 


TABLE II. 
Applicability of the Method to Some Typical Animal Materials. 








Material. Weight Of | Mn in sample. | pevary Ay 

| gm. | mg. per cent 
Beefsteak, T-bone................. 20 0.0130 | 93.0 
Cheese, American................ 34.2 | 0.0265 91.5 
BD kaa cos aicbnwmansssaeess 15 | 0.0095 104.5 
aaron at and haN newsreaders is 15 0.0165 | 103.5 
os ayn avn vacae snes | 0.0185 | 91.5 
EE ical cyhabdeudumieneks 10 0.0252 | ~° 91.8 
eo aNeta a ac hny wie amis ie a 412 0.0135 | 89.3 
EE ee ere ree 5 0.0062 | 95.8 
hea enone akg: gy nian | Bb 0.0105 | 99.5 
Turkey, dark meat................. 20 0.0315 | 88.5 








because of the difficulty in obtaining representative samples of the 
dried body. In Table I the recovery on the whole animal was 
obtained by adding the manganese to an aliquot of the acid extract 
just prior to oxidation. A comparison of the percentages inthe 
seventh column shows that the recovery of manganese is about the 
same regardless of whether it is added before or after the ashing. 
That the method is applicable to a wide variety of animal ma- 
terials is shown in Table II by the data obtained in the analysis of 
ten representative foodstuffs. Although the actual amount of 
manganese in these samples ranges from 0.0062 to 0.0315 mg., 
recoveries ranging from 88.5 to 104.5 per cent were obtained. 
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SUMMARY. 


The periodate method has been adapted to the determination 
of the small quantities of manganese found in animal tissue without 
the necessity of taking a large and unwieldy weight of sample. 
As little as 0.01 mg. of manganese has been satisfactorily deter- 
mined. Good recoveries of added manganese were obtained. 
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THE DETERMINATION OF ARGININE IN DOG BLOOD. 
By C. J. WEBER. 


(From the Department of Experimental Medicine, the University of Kansas 
School of Medicine, Kansas City.) 


(Received for publication, May 9, 1930.) 


Arginine is the only known amino acid which possesses a guani- 
dine group. It is the only guanidine derivative which is present 
in significant amounts in our diet, occurring in all proteins whose 
composition has been determined. For this reason, it has been 
considered as a possible precursor of creatine and the purines. 

One phase of the metabolism of arginine is its hydrolytic de- 
composition by the enzyme arginase, present in the liver, into 
urea and the diamino acid, ornithine. The work of Thompson 
(1905) who studied the rate of urea excretion in dogs following 
the administration of arginine, and of Felix and Tomita (1923) 
on the rate of destruction of arginine perfused through the sur- 
viving liver of cats, indicates that the guanidine group of the 
greater part, at least, of ingested arginine is quickly split off. 
Whether a small portion of ingested arginine is metabolized in 
another manner, is not known. The specific character of the 
activity of arginase is illustrated by the paper of Felix, Miiller, 
and Dirr (1928). Derivatives of arginine in which the carboxyl 
group is involved or in which the amino group is removed, no 
longer react with arginase. Therefore, if deaminization took place 
prior to the action of arginase on a portion of ingested arginine, 
the guanidine group would be protected against the action of 
arginase. In this connection may be mentioned the work of 
Bunney and Rose (1928), which indicates the ability of the animal 
organism to synthesize arginine as measured by the rate of growth 
in rats fed on diets from which arginine had been removed as com- 
pletely as possible. 

Abderhalden (1913) isolated arginine from blood. However, 
no methods have been available for studying the arginine content 
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of the blood and tissues. The author (1930) reported a modifi- 
cation of Sakaguchi’s reaction for arginine which is suitable for 
the colorimetric determination of arginine. Early in the work 
on the application of this reaction, it was noted that a Folin-Wu 
blood filtrate gave a color with this reaction. In this paper we 
have been mainly concerned with the substance present in dog 
blood which gives a color with the modified Sakaguchi reaction. 
Edlbacher, Krause, and Merz (1927) have reported that human 
blood contains the enzyme arginase while dog blood does not. 
For this reason, the values for arginase and arginine on human 
blood will be reported in a separate paper. The color given by 
dog blood filtrates could be due to incomplete precipitations of 
blood proteins, presence of polypeptides containing arginine, free 
arginine, or some guanidine derivative. None of the known con- 
stituents of blood filtrate gives a color with the Sakaguchi re- 
action. 

The following experiments are offered to indicate that the sub- 
stance responsible for this color reaction in blood filtrates is actu- 
ally arginine and it may be determined in blood filtrates by means 
of the modified Sakaguchi reaction. 

If 3 ce. of dog blood are diluted to 9 ec. with water and 0.02 ec. 
of argininase extract from liver is added, prepared according to 
the method of Hunter and Dauphinee (1930), and permitted 
to stand at room temperature for 30 minutes, the Folin-Wu 
filtrate of this blood gives a barely perceptible color. 95 per cent 
of the substance responsible for the color reaction was removed 
by this treatment. Blood samples permitted to stand the same 
length of time without the addition of arginase do not give any 
decreased color value. If arginine is added to dog blood and the 
blood then treated with arginase, the arginine added is likewise 
destroyed. 

Table I shows the results of a series of dog blood samples treated 
inthismanner. The arginase extract undiluted contained 100 units 
of arginase per cc., standardized by the method given by Hunter 
and Dauphinee. Dilutions of this arginase extract were made 
with water just before using. In every case the blood was drawn 
from the jugular vein from dogs that had received no food for at 
least 20 hours. 3 cc. of blood were diluted with 5 cc. of water 
and 1 cc. of the diluted arginase extract added. At the end of the 
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specified time, 15 cc. of water were added and the blood precipi- 
tated with tungstic acid by the usual Folin-Wu procedure. One 
sample was precipitated immediately, another precipitated im- 
mediately after the addition of arginase, and another after stand- 
ing 30 minutes without the addition of arginase. The values of 
this last blood are not included in Table I, since in no case was 
the color value of its filtrate less than that of the blood precipi- 
tated immediately. Values below 1.0 mg. per 100 ce. of blood 
could not be obtained directly but were estimated by adding 0.01 
mg. (1 ee.) of arginine to 4 ec. of the blood filtrate and reading 


TABLE I, 
Dog Blood Treated with Arginase (Liver Extract). 


























Arginine content of blood. 
Rs o | Sex. | Weight. Length of time of arginase action. yor a 
| Control. 
| 0 10 min. 30 min. 
ko mg. per | mg. per | mg. per mg. per 
| 100 cc. 100 cc. 100 ce. 100 ce. 
Pr 19.5 3.85 | 3.80 0.62 0.13 1:20 
2 | “ | 142 | 2.66 | 2.56 | 0.45 | 0.13 | 1:20 
3 | ™ | 14.4 2.60 2.65 0.55 0.14 1:50 
4 | - | 20.3 2.61 2.60 0.65 0.14 1:50 
5 - 9.6 3.33 3.40 1.96 0.37 1:100 
6 M. 14.6 2.82 2.79 0.40 0.00 1:50 
7 «| 10.65 | 3.33 | 3.17 | 1.20 | 0.50 | 1:50 
8 | ” | 10.62 3.57 3.51 1.33 0.37 1:50 
9 ™ } 11.2 2.87 2.82 0.28 0.15 1:20 
10 | ai | 8.0 3.64 3.60 0.50 0.38 1:20 














1 ce. of diluted arginase extract was used in every case. 
against a standard containing 0.015 mg. of arginine in 5 ce. 
These estimated values are probably correct to within 0.1 to 0.2 
mg. per 100 ce. 

A flavianate was also obtained from dog blood filtrate which 
had the crystalline appearance and physical properties of arginine 
monoflavianate. The following procedure was used in obtaining 
this flavianate. 

5 liters of the Folin-Wu filtrate of dog blood, producing a color 
value with the modified Sakaguchi reaction equivalent to 14.7 
mg. of arginine, were treated with 30 gm. of acid-washed Lloyd’s 
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reagent (Hamilton, 1928). The Lloyd’s reagent was reextracted 
with barium hydroxide and the barium removed from the filtrate 
with sulfuric acid. This filtrate gives a color value equivalent to 
9.8 mg. of arginine. The filtrate was concentrated and treated 
with silver sulfate, the procedure given by Vickery and Leaven- 
worth (1927) for the separation of histidine and arginine being 
employed. The substance responsible for the color appeared in 
the arginine fraction of the silver precipitate. The silver precipi- 
tate was dissolved in sulfuric acid and the silver removed with 
hydrochloric acid. The filtrate was concentrated to 20 ce. and 
200 mg. of flavianic acid added. A precipitate was obtained 
which, on recrystallization twice from 10 ce. portions of water, 
presented the characteristic crystalline appearance of arginine 
monoflavianate. The weight of the flavianate was 18.9 mg., 
which corresponds to 6.7 mg. of arginine or a 68 per cent recovery 
of the substance from the Lloyd’s extract as arginine mono- 
flavianate. The precipitate did not melt when heated to 260°. 
Unfortunately, the physical properties of arginine monoflavianate 
do not permit a more definite identification. The color produced 
with the modified Sakaguchi reaction with equal amounts of the 
above flavianate and arginine monoflavianate was _ identical. 
The fact that the substance giving a color reaction in blood filtrate 
is destroyed by arginase and gives a flavianate similar to arginine, 
would indicate that this substance is arginine. 

The values for the arginine content of dog blood (control 
sample) in Table I are within the range of the values encountered 
in the analysis of numerous samples of dog blood. The small 
residual color value of the filtrate from blood treated with arginase 
for 30 minutes, may be due to the incompleteness of the reaction, 
arginine to urea and ornithine, or to the presence of peptones or 
polypeptides containing arginine, orto some guanidine deriva- 
tive. Apparently in normal dog blood at least 85 to 95 per cent 
of the color is due to arginine. Arginine, therefore, exists in 
significant concentrations in blood and may therefore play a part 
in the formation of substances in the animal organism for which 
the guanidine group of arginine may be required. Various hypoth- 
eses may be suggested as to the mechanism for the maintenance 
of this concentration of arginine in the blood, in spite of the known 
activity of the arginase present in the liver in destroying arginine. 
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Perhaps the most plausible explanation is that the hydrolysis of 
arginine by arginase at the concentration in blood is compara- 
tively slow and is counterbalanced by the hydrolysis and libera- 
tion of arginine from proteins in the tissues. Glucose feeding 
causes a diminution of arginine in the blood and might be explained 
on the basis of its protein-sparing effect. Work is in progress 
on this point. 


Method for Determination of Arginine in Blood. 


The solutions used in the determination of arginine in blood are 
the same as those described by the author (1930). An arginine 
stock standard containing 0.1 mg. of the base per ce. is made by 
dissolving 0.1209 gm. of arginine monohydrochloride in 1 liter of 
0.1 N hydrochloric acid containing 0.2 per cent sodium benzoate. 
This solution keeps indefinitely. The dilute standard is made 
from this stock solution and is kept for not more than a day. 
For work on dog blood the most suitable standard is one contain- 
ing 0.015 mg. of arginine per 5 ce.; 7.e., 3 ec. of the stock solution 
made up to 100 ce. with water. 

The procedure is as follows: To 5 cc. of the Folin-Wu blood 
filtrate in a test-tube (150 mm. X 18 mm.) are added 1 ce. of 10 
per cent sodium hydroxide fellowed by 1 cc. of 0.02 per cent 
a-naphthol. The mixture is placed in an ice bath and permitted 
to reach a temperature of approximately 4-6°. Then 0.2 cc. of 
sodium hypobromite is added, the whole mixed thoroughly, 
and followed in 5 to 10 seconds by 1 cc. of 40 per cent urea solu- 
tion; the solution is mixed and replaced in the ice bath. The 
standard is prepared in the same manner except that only 0.15 
ec. of sodium hypobromite is used instead of 0.2 ec., as with blood 
filtrates. The tubes are not diluted to any specified volume, 
although this is permissible, and contain 8.2 and 8.15 ec. respec- 
tively. Comparisons should be completed in a colorimeter within 
5 minutes after the addition of the sodium hypobromite. The 
extra 0.05 cc. of sodium hypobromite is used in the blood filtrate 
because of the presence of substances, such as urea, which destroy 
part of the hypobromite added. In a large series of determina- 
tions on blood filtrates from normal dogs, these proportions of 
hypobromite in standard and unknown have worked satisfactorily. 
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TABLE II. 
Comparison of Arginine Content of Dog Blood Precipitated at Various 
Dilutions. 
| — Variation 
Dog No | Sample No. Dilution. Arginine content. | from 
| 1: 100 dilution. 
ee as —-s . 
| | | meme’ | Meee? | econ 
11 | 1 | 3:100 | 2.78 2.78 
2 | 1:167 1.61 2.69 —3.24 
3 |} 1:25 0.91 2.26 —18.70 
4 1:125 2.12 2.65 —4.68 
12 | 1 1:100 | 2.97 2.97 
2 1: 167 1.91 3.19 +6.73 
3 1:71.56 | 4.14 2.96 —0.34 
13 | 1 | 1:100 1.94 1.94 
| 2 1:71.5 2.61 1.87 —3.6 
| 3 1:83.5 2.32 1.93 —0.51 
4 1: 167 1.18 1.97 2.04 
TABLE Il. 
Recoveries of Arginine Added to Blood. 
Laer RNS a “a l “ue 
es ae Type of blood. — | _—_ Arginine recovered. 
a woe ee = eaeneene bee — 
| per 190 cc, | per 100 ce. | per 100 ce. per cent 
1 | Mixed rabbit) 0.00 | 2.93 | 
| blood. 2.30 | 5.09 | 2.16 93.9 
3.20 6.00 3.07 96.0 
1.60 4.35 1.42 88.9 
1.20 4.08 1.15 96.0 
| 
2 | Mixed dog 0.00 2.58 
blood. 2.40 4.88 2.30 95.8 
1.04 3.58 1.00 96.2 
0.52 3.07 0.49 94.3 
4.80 7.28 4.70 98 .0 
0.28 2.78 0.20 71.5 
0.84 3.37 0. 








If the sodium hypobromite is over a week old, it is necessary to 
determine the amount required for complete color development 
before performing a quantitative test. 
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withincreased urea content, as in nephritis, the above propor- 
tions for hypobromite do not hold and if the urea content is too high 
a quantitative determination cannot be carried out. 

To show the accuracy of the method for determining arginine 
in blood, the determination was carried out on blood precipitated 
at various dilutions and the values obtained compared with that 
observed on the filtrate of the blood obtained in the usual manner 
These results are shown in Table II. Dog 13 shows an unusually 
low value for normal dog blood. However, this dog was later 
found to be pregnant. 

Sample 3 of Dog 11 gave an error of —18.7 per cent, due un- 
doubtedly to the extreme dilution, giving a value of only 0.91 mg. 
of arginine per liter. The maximum error of the eight remaining 
determinations was +6.73 per cent, with an average error of 3.02 
per cent, + or — signs being disregarded. 

Table III gives the recoveries of arginine added to dog and rab- 
bit bloods. The average recovery obtained was 92.5 per cent, 
which includes additions of arginine of 11 per cent of the original 
arginine value of the blood to 186 per cent. 


CONCLUSION, 

The substance responsible in the Folin-Wu filtrate of dog blood 
for most of the color given with the modified Sakaguchi reaction 
is believed to be arginine, because it is destroyed by arginase (liver 
extract) and gives a crystalline precipitate with flavianic acid. 


A method is given by which arginine may be determined directly 
on the Folin-Wu filtrates of blood. 
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In connection with studies of the morning alkaline tide in urine 
it was decided to carry out a series of determinations of urinary 
chlorides in patients in whom an absence of hydrochloric acid from 
the stomach had been demonstrated by the usual methods (1, 2). 
The results of forty tests upon twenty-four patients of this type 
form the basis of the present article. 

The routine treatment of each subject was the same as that 
described previously (3). The patient was aroused at 7 o'clock 
and the night urine voided and discarded. Thereafter hourly 
specimens were collected through the morning. A meal consisting 
of a glass of milk, a glass of water, two slices of toast with butter, 
and an egg was given between 8and9o’clock. The salt taken with 
this meal was not strictly controlled. The régime of the patients 
through the test period was not regulated in any way, but it is cer- 
tain that they did not indulge in great activity. They were re- 
quested not to take water except at the morning meal, but it was 
fairly obvious that this request was not always observed. In 
were obtained. 





most instances six specimens—the full number 
A few patients, however, did not collect the specimen for the last 
period. There were also a very few instances in which a single 
sample represented a 2 hour period. The chloride content was 
determined by the Volhard-Harvey method. 

In Table I the average values and the interrelations of the values 
found in the different tests are given. Rates of excretion which 
tended to exceed the average occurred immediately after awaken- 
ing and again between 11 and 12 o’clock. Water excretion tended 
to be low during the first part of the test, with the smallest values 
during the hour when the meal was eaten. The concentration of 
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chloride in the urine clearly showed a maximum between 9 and 10 
during the hour following the meal. The maximum corresponds 
to the chloride tide discussed by Bazzet and others (4), and to an 
excretion of the chloride retained during sleep studied by Simpson 
(5). The minimum occurring immediately after a meal has been 
mentioned specifically by Adolph (6) and considered by many 
other writers. It probably results from withdrawal of sodium 
chloride into the gastrointestinal tract. It is important to note 
that a decreased excretion of sodium chloride at this time takes 
place in patients who do not secrete hydrochloric acid into the 


TABLE I. 
Study of Average Values of Chloride Excreted. 





Distribution by time. 











| | r 
Method | 5 
aa a Factor. | | | A | F | F . 
a (a OO SO 
Average Volume, ce. | 57 | 43 | 73 | 67 | 78 | 63 
rate. NaCl, mg. per hr. 479 (337 (337 435 (501/417 
_ “ 100 cc. 903 855 (670 (791 (811 (830 
Relative Volume, writs. 3.2} 2.5 3.31 3.6) 4.0 3.8 
rate. | Clrate, “ 3.6) 2.6) 2.3} 3.8) 4.4 3.7 
“ concentration, units. | 4.2; 3.5 2.1 3.5) 3.6 3.6 








The method of calculating the units given in the last part of the table is 
explained in the text. 


stomach, and who do not, accordingly, show a decreased urinary 
acidity after the meal. A retention of sodium chloride at this 
time is therefore independent of two of the factors with which it is 
quite regularly associated in normal subjects. Simpson’s (7) 
work which showed variations in chloride excretion on the 3rd 
day of a fast after the reaction of the urine had become constant 
also suggests that these factors are not necessarily related to each 
other. 

The second group of Table I is planned to show the relative 
rates of excretion in the different experiments. The method of 
calculation used in preparing it was as follows. The lowest value 











ian @w 


na“ 


COO — YF 








R. 8. Hubbard 363 


obtained in each test was called 1 and the highest 6. The num- 
bers were tabulated according to the hours in which the lowest, 
highest, ete., values occurred. These were added and averaged. 
Such a method of expression diminishes the effect of unusually 
high and low values as markedly as average figures may exaggerate 
it, and should serve as a valuable check upon the calculations al- 
ready given. It is evident that during the hour following the meal 
there was in most of the tests a rate of excretion and a urinary 
concentration of sodium chloride lower than those noted at any 
other time during the morning. The inference to be drawn from 
these results is therefore identical with that suggested by the 
average values. 

The significance of the values obtained before the meal is not 
quite as conclusive. Undoubtedly there was usually a high con- 
centration of chloride in the urine at that time, but the rate of 
excretion was not higher than it was when other samples were 
obtained. The high average rate of excretion between 7 and 8 
o'clock is therefore influenced by the inclusion of experiments 
in which the rate was unusually high. The author believes, how- 
ever, that the figures do show an increased excretion during this 
period. There was uniformly then a high chloride concentration, 
and the small volume of fluid which was passing through the 
kidneys has, he thinks, masked an actual increase in the excretion 
rate. 

It seemed worth while to try to express the relative hourly 
metabolism of sodium chloride in some way which would exclude 
the effect of the rate at which fluid was excreted. Adolph (6) has 
shown that when the volume of urine is small the concentration 
of sodium chloride is nearly constant. The results in this series 
were strictly comparable with his when less than 50 ec. of urine 
were excreted in an hour. It was felt that if at any particular 
hour there was a concentration which was usually somewhat 
higher or lower than the average, a specific excretion or retention 
of sodium chloride was then taking place. When the urine is 
dilute the concentration varies inversely with the volume (8), 
and in our experiments when the water excretion exceeded 100 ce. 
per hour the rate of sodium chloride excretion was much more 
nearly independent of the water excretion, and showed a_ higher 
degree of constancy than did the chloride concentration. It was 





| 








TABLE II. 
Distribution of Deviations of NaCl Values from the Mean. 








Deviation of NaCl values from mean. 


No. of cases. 














413 6 6 3 1 





+ 6 to + 10 percent. 


1 Anon w 


+ 11 to + 15 per cent. 


+ 16 to + 20 per cent. 





= 





on } 3) 8/8) 8/el<| 
Volume NaCl factor, Time of sample. | | 21 8| 2| |e | 
| }8} 8/8) 2/2) 2] 
Plage tir + 
le|SIS/S] elo 
bf eirici titi 
To 50 | Con- 7-8 a.m. 1) 1 2| 8 
ec. | cen- 8-9 1 1} 6 9 
| trae | 910 “ | 2 3 1) 3 3 4! 
| tion, | 10-11 | 2 1 4 «| 9 
11-12 i 1 | 1 | 10) 
| 12 a.m.-l — | 1} 2 6 
ER ixec nay anon ianamese a rounat 3° 7 3 11) 13) 46 
51-100 | Con- 7-8 a.m. ; | | | do 
ee. cen- 8-9 11 | 1} 2 
tra- 9-10 |} lj 2 | 1) 3} 2 
tion. | 10-11 “ | | | ue] | 3 
l-12 “ 1 | fa fai 
| 12 a.m.-1 p.m. | ieiits 
ci, Fleets Cada reas W olalaligine 27 3 2 2) 
Over | Rate of| 7-8 a.m | | 
100 | ex- 89 “ | | | 1 
ce cre- 9-10 ; 3 1 2 | 
tion. | 10-11 “ | I | 1 1 
l-12 “ ; | | 1) 2 
12a.m.-l p.m.| 2) | } | 1 
i ceed ee liad } a 3 2 4 
Any. | Sumof | 7-8 a.m. | | | 1] 2 8) 
above. 8-9 “ | 2} | al gat 
910 * | 6 6 2 6 6 6 
10-11 “ | 3] 2 2 5 | 33 
“12 « / | a | 2 aa 
| 12a.m.-l p.m, | 2) 2} 1 2 10 
SE ene eae ene nT: | 11) 11) 6; 16, 19, 63 


28 








When the value of a specimen was less than the mean the difference has 


been given a minus sign; when it was greater than the mean a plus sign has 


been used. 
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thought that if, under these conditions, maxima and minima of 
the rate of excretion occurred at any particular hour, they would 
indicate specific variations in sodium chloride metabolism at those 
times. In the intermediate range, when the volumes were be- 
tween 50 and 100 ec., the concentration of the salt showed a some- 
what greater constancy than did its rate of excretion, and it was 
therefore thought that a study of variations in the per cent of 
sodium chloride in specimens with volumes in this range might be 
of significance. 

Table II gives the results of such an attempt to exclude the 
effect of water excretion upon chloride excretion. In preparing 
the first group the mean of the concentrations of all those speci- 
mens of each experiment with volumes less than 50 cc. was caleu- 
lated. Specimens with volumes greater than this were disregarded. 
Next the per cent by which each specimen deviated from that mean 
was determined. The distribution of the deviations noted at 
different hours during the morning is given. It is evident that 
between 7 and 8 o’clock there tended to be many specimens with 
values which were unusually high, and that immediately after the 
meal there were many with unusually low concentrations. The 
process of calculation was repeated for the smaller number of 
specimens between 50 and 100 cc. with essentially the same re- 
sults. In the third group there are reported deviations for speci- 
mens with volumes over 100 ce. Since in this range the excretion 
showed greater constancy than did the concentration the calcula- 
tion was based on the former factor. Although the results were 
somewhat irregular, they show that the chloride content of the 
specimens collected before the meal tended to be higher, and that 
those obtained directly after the meal gave lower values than the 
average means. The summary given in the last part of Table 
II shows that if the effect of the water excretion is minimized as 
described, the excretion of chloride tends to be high immediately 
after waking and that the retention of this compound is rather 
marked immediately after the meal is fed. 


CONCLUSION. 


In a series of cases of achlorhydria a low rate of excretion of 
sodium chloride during the hour following the morning meal can 
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be clearly demonstrated. A relatively high rate of chloride ex- 
cretion immediately after awakening can also be shown in such 
subjects. These variations seem to be independent of variations 
in the rate of water excretion. 
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The gravimetric procedure of Windaus (1) has for 20 years been 
considered the standard method for macro estimation of cholesterol. 
Because it is impossible to weigh accurately 1 to 2 mg. quantities 
of the cholesterol digitonide with ordinary analytical balances 
as well as because the digitonide is slightly soluble in and slowly 
precipitated from alcoholic solutions, this method has not been 
applicable to the rapid analysis of the small quantities of blood 
and tissue usually available for study. 

The micro combustion with silver chromate and sulfuric acid 
recently developed by Bloor (2) for the estimation of other lipids 
has offered a method whereby the weighing of the digitonide can 
be avoided. Moreover, since the molecular weight of cholesterol, 
Co7HyO, is 386, and that of cholesterol digitonide, Cs2H 49029 is 
1585, the oxidation to CO, and H;0 of 1 mg. of cholesterol as such 
should require 3.92 cc. of 0.1 N K,Cr.0;, while the oxidation of 
1 mg. of cholesterol as digitonide should require 10.62 cc. of 0.1 N 
K2Cr 27. 

Since the digitonide is a compound of constant composition, 
it has appeared to us that such a method may be expected to yield 
highly accurate results, even with very small quantities of cho- 
lesterol. Moreover, the chief contaminating glucoside in the com- 
mercially obtainable digitonin preparations, 7.e. gitonin, has very 


*Reported before the American Society of Biological Chemists at 


Chicago, March 28, 1930. 
+ A large part of the work herein reported was done at The University of 


Rochester, while the writer was on leave from the University of California. 
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nearly the same solubilities and molecular weight as the digitonin 
itself; hence its presence should not appreciably affect the accu- 
racy of the method. 

Preliminary investigation has shown that the second objection, 
i.e. the slow precipitation of the digitonide, can be overcome by 
evaporation of the hot alcoholic cholesterol solution to dryness 
with the digitonin. 


Separation of the Digitonide. 


The proposed determination must, however, be regarded as 
primarily a non-specific micro combustion of cholesterol digitonide. 
The chief problems involved are therefore concerned with separa- 
tion of the precipitated digitonide from the other organic material 
present in the original blood and tissue extracts and from the 
excess digitonin used in the precipitation. 

Cholesterol digitonide is, according to Windaus (1), soluble in 
cold 95 per cent ethyl alcohol to the extent of 4 mg. per 100 cc., 
soluble in boiling ethyl alcohol, methyl alcohol, glacial acetic 
acid, and pyridine. It is insoluble in pure ethyl ether, hot and 
cold water, acetone, and chloroform. Because of the relative 
solubilities of digitonin and of the lipids other than cholesterol 
present in blood and tissue extracts it has been found possible 
to avoid the lengthy and elaborate separation proposed by von 
Szent-Gyorgyi (3) and to free the digitonide from contaminating 
material by washing with alcohol-free ethyl ether and water only. 
But, in order to do this is has been necessary to design a small 
filter which is capable of being transferred bodily to the flask (a 
125 ce. stoppered Pyrex Erlenmeyer flask) in which the final oxi- 
dation is to take place. A Pyrex glass tube 45 mm. long and 18 
mm. in diameter, slightly constricted at one end, and fitted with a 
perforated porcelain plate cut from the bottom of a Gooch crucible 
and a pad of especially prepared asbestos, has met these require- 
ments. This filter, fitted into a rubber stopper, may be handled 
as an ordinary Gooch crucible. 

Attention should perhaps be called to the fact that digitonin is 
a saponin and its aqueous solutions have many of the character- 
istics of soap-suds. Hence separation of the digitonide from 
excess digitonin by centrifugalization from water solution is 
impossible. Moreover, the quantitative removal of the some- 
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what sticky plate-like crystals of digitonide from the sides of a 
flask and filter is impracticable, and it is very much easier to bring 
the oxidizing solution in contact with the filter and the inside 
of the flask in which the digitonide has been precipitated and 
washed. Although the mixture of Nicloux’s reagent and Nn 
K,Cr.0; used in the final oxidation is not entirely stable at 124°, 
it has been found that the extra decomposition induced by the 
presence of the filter and asbestos is nearly uniform, comparatively 
slight (equivalent to 0.2 to 0.4 ce. of 0.1 N K,Cr.O0;), and easily 
corrected for by adding a washed asbestos pad and filter to the 
control flask. 

Aside from the considerations mentioned above, the working 
out of the procedure for determination of free cholesterol given 
later in this paper has offered comparatively few difficulties. It 
has been possible to obtain very uniform recovery, both of pure 
cholesterol and of cholesterol added to plasma extracts. The 
reader is referred to Table I for figures. 


Esterified Cholesterol. 


Since digitonin does not precipitate esterified cholesterol, it is 
necessary, in order to estimate the amount of cholesterol ester in a 
blood or tissue extract, to precede the precipitation of the digi- 
tonide by saponification. The greatest difficulties encountered in 
the adaptation of the digitonide method to cholesterol determina- 
tion in plasma and in tissue extracts have been met with in find- 
ing the conditions under which saponification is complete, while 
the cholesterol is not decomposed. Cholesterol has been shown, 
in a long series of preliminary studies which space does not permit 
us to report, to be changed by strong alkali under the conditions 
imposed by the ordinarily used procedures for saponification in such 
a way that it is no longer quantitatively precipitable by digitonin. 
The method finally worked out is the result of a study of the condi- 
tions under which synthetic cholesteryl palmitate may be saponi- 
fied with the least decomposition. 


Cholesteryl Palmitate. 


The palmitate was prepared by heating a quantity (18 gm.) 
of pure cholesterol made by recrystallization from gallstones 
with the theoretical amount (12 gm.) of palmitic acid in an at- 
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mosphere of CO, at 200° for 4 hours. It was then separated from 
the uncombined palmitic acid and cholesterol by taking advan- 
tage of its comparative insolubility in boiling ethyl alcohol and 
recrystallized from alcohol ether mixtures until melting point 
determinations and analyses by saponification and direct com- 
bustion indicated that the preparation was to be regarded as a 
pure ester. 
Saponification Procedures. 


The method for saponification described in detail under the 
heading of “Estimation of Total Cholesterol’ has been adopted 
as the most practicable under ordinary laboratory conditions 
of those which have been found to give reasonably good recovery 
of the cholesterol. While space does not allow a report of the 
results of the long series of experiments which has led to this 
choice of method, certain things which have come to light during 
this study may not be omitted. 

Cholesterol esters in general are to be regarded as difficult to 
saponify. Procedures which will secure complete hydrolysis 
require either fairly concentrated alkali or extremely long con- 
tinued heating. Moreover, heating with alkali in the presence of 
air, even for the short time involved in the saponification pro- 
cedure of Bloor et al. (4) for colorimetric estimation of cholesterol, 
has been shown to render from 10 to 40 per cent of the cholesterol 
in a 2 mg. sample of cholesteryl palmitate incapable of being pre- 
cipitated by digitonin. Shortening the time of heating by re- 
moving the alcohol in a current of air has given slightly better 
but still unsatisfactory results. Passing a current of warm 
oxygen-free nitrogen through the flask during saponification of the 
ester has given about 95 per cent recovery of the cholesterol as 
digitonide. But this procedure involves so much extra apparatus 
and expense that it has been considered impracticable for ordinary 
use. Carbon dioxide has been substituted for the nitrogen with 
fairly satisfactory results (see Table I). 

Extraction of the cholesterol from the residues left after saponi- 
fication must be carried out at once, and, to secure the best results, 
after acidification. In general best results are secured if enough 
1:3 sulfuric acid to neutralize the alkali used is added to the 
saponified residues the instant the last of the alcohol is removed. 
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Chloroform and ethyl ether have proved unsatisfactory for the 
extraction of cholesterol and fatty acid from this residue, probably 
because they are not absolutely immiscible with water. Petro- 
leum ether on the other hand has proved very satisfactory in spite 
of the lower solubility of cholesterol in the solvent. 

The nature of the change which renders the cholesterol in- 
capable of precipitation with digitonide is not known. The fact 
that exclusion of air to a large extent prevents it would seem 
to indicate an oxidation. But there is also some evidence which 
points to an intramolecular rearrangement which leaves the alco- 
holic hydroxyl group in a position in which it is no longer free to 
combine with digitonin. However this may be, it seems worth 
while to call attention to the fact that the digitonin precipitation is 
to be regarded as a quantitative procedure for the precipitation of 
unchanged sterol only and that slight changes in the sterol molecule, 
such as are to be expected from heating with alkali at water bath 
temperatures, are by no means to be disregarded. Our experience 
with the purest cholesterol obtainable does not indicate that the 
mere addition of digitonin to a mixture of unsaponifiable material 
from an extract of plant or animal tissue means the removal of all 
the cholesterol derivatives originally present in the extract. Nor 
is it justifiable to conclude, with Lifschiitz (5) that, because the 
unsaponifiable material from blood contains oxycholesterol and 
other cholesterol derivatives not precipitated by digitonin, these 
were necessarily present in the original blood. We have found 
that certain samples of supposedly pure commercial cholesterol 
prepared by saponification of brain tissue are not quantitatively 
precipitable by digitonin. 

Specificity of the Digitonin Precipitation. 

Because of the importance which sterols other than cholesterol 
are assuming in biological studies as well as because of the con- 
siderations just stated, it seems worth while to list here the 
substances which react with digitonin. Windaus and his asso- 
ciates (6-8) have found that pseudocoprosterol and e-cholesterol, 
form no insoluble digitonides, while a-naphthol, 8-naphthol, 
8-bromonaphthol, carvomenthol d,a-terpineol, |,a-terpineol, and 
secondary octyl alcohol form with digitonin precipitates of varying 
degrees of insolubility. The only substances likely to be present 
in living tissue which are precipitable by digitonin are given by 
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Gardner and Williams (9) as cholesterol, stygmasterol, sitosterol, 
and possibly other phytosterols and coprosterol. Ergosterol has 
an insoluble digitonide, but oxycholesterol is only partially pre- 
cipitated by digitonin. 


Comparison with Colorimetric Procedures. 


We must probably always expect that a digitonin precipitation 
procedure will give lower values than a colorimetric procedure, not 
only for the reasons stated above, but because there is evidence 
that some of the products of decomposition of sterols give the color 
reaction with greater intensity than the original sterol itself (5). 
Which method gives a truer estimate of the sterol actually present 
is another question. In the case of blood and tissues which con- 
tain substances other than sterols producing color with acetic 
anhydride and H2,SO, the advantage of a method based upon a 
different principle is obvious. Twelve typical comparative analy- 
ses of a composite sample from normal whole blood have given, 
by the oxidative procedure 94 mg. of free cholesterol, and 190 mg. 
of total cholesterol per 100 ec. of blood; while by the colorimetric 
procedure of Bloor (4), the same extract has given 300 mg. of total 
cholesterol before and 240 mg. of total cholesterol after saponifi- 
cation. Ester cholesterol by the colorimetric procedure is 125 mg. 
Data from other comparative analyses are omitted because of 
lack of space. 

The oxidative procedure is usually more time-consuming than 
the ordinary colorimetric methods for estimation of cholesterol. 
The writer has been able, in the course of a series of tissue analyses 
recently published, to make twenty-four cholesterol determina- 
tions in the average working day. A single determination re- 
quires about an hour. 

While the separation of the digitonide requires a greater degree 
of analytical skill than the clinical methods now in use, the extra 
manipulation may, on the other hand be regarded as preferable 
to the uncertainty of the colorimetric estimation. 


Procedure. 
Reagents Required. 


1. Alcohol.—Redistilled 95 per cent ethy] alcohol. 

2. Petroleum Ether.—The fraction boiling at 40—60° is allowed 
to stand with frequent shaking over concentrated H,SO, for 24 
hours, and again redistilled. 
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8. Ethyl Ether—The commercial anhydrous ethyl ether re- 
distilled slowly. 

4. Normal Potassium Bichromate. 

5. 0.1 n Sodium Thiosulfate. 

6. 10 Per Cent Potassium Iodide. 

7. 1 Per Cent Starch Solution. 

8. Nicloux’s Reagent.—5 gm. of silver nitrate are dissolved in 
25 ec. of distilled water in a 100 ec. centrifuge tube. To this are 
added 5 gm. of K,Cr.0; in 50 ec. of water. The precipitated silver 
bichromate is separated by centrifugation, washed twice with 
water by centrifugation to remove nitric acid, and the cake of 
precipitate dissolved without drying in 500 cc. of pure concen- 
trated H.SOx. 

9. Sodium Hydroxide.—Made by exposing metallic sodium to 
water vapor in a desiccator. 

10. c. Pp. Sulfuric Acid.—(a) Concentrated and (6) 1:3 dilution. 

11. Carbon Dioxide-——The ordinary commercial product from 
the tank filtered through cotton. 

12. Digitonin Solution—A 1 per cent solution of Merck’s 
digitonin in 50 per cent alcohol. 

13. Asbestos—“‘Washed and ignited, medium fiber,” com- 
mercial asbestos is heated overnight with K.Cr.O; in concentrated 
sulfuric acid, in the oven at 124°. The chromic-sulfuric acid is 
filtered off on a Buchner funnel, the asbestos washed with distilled 
water and sucked almost dry, covered with fresh chromic-sulfuric 
acid and heated as before. The procedure is repeated usually 
three times, and finally the asbestos is very thoroughly washed 
with distilled water, sucked dry, and suspended in distilled water. 


Special Apparatus. 


1. Filter Tube..—Pyrex glass tubing, 18 mm. in diameter, is 
cut in lengths of 45 mm. and slightly constricted at one end. Per- 
forated porcelain plates cut from the bottoms of Gooch crucibles 
are fitted to these tubes—the whole functioning as a Gooch cru- 
cible, small enough to be placed in a stoppered 125 cc. Pyrex 
Erlenmeyer flask. This is used with the usual Gooch funnel and 
flask. 


1 We are indebted to Mr. D. J. Kooyman of The University of Rochester 
for making these filter tubes. 
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2. An electric oven fitted with a ? inch iron plate, and capable 
or being regulated to maintain a temperature of 124° within 2°. 
The alternative is a steam bath which may be kept at 87°. A 
more detailed description of this apparatus is to be found in the 
paper of Bloor (2). 

3. 125 ce. stoppered Pyrex Erlenmeyer flasks. 


Determination. 


A. Preparation of Extracts. 


The alcohol-ether extracts of blood or plasma are made as de- 
scribed by Bloor (2) with a mixture of 1 part of ether to 3 parts of 
alcohol. The most convenient dilution has been found to be 5 ce. 
of blood or plasma to 100 ce. Where tissues other than blood have 
been used, we have weighed the minced tissue between watch- 
glasses, transferred it to a mortar, ground very thoroughly with 
sand, and transferred, as described by Bloor, with the addition 
of a small amount of water to a flask. 

After boiling for 5 minutes with an amount of alcohol equal to 
about two-thirds of the final volume, the alcohol is poured off hot 
through a filter into a volumetric flask, and the residue boiled out 
repeatedly with small portions of ether which are poured off 
through the same filter. Finally the whole is made up to volume 
with aleohol and ether. This variation in the extraction procedure 
has been found advisable because of the very slight solubility 
of cholesterol esters in alcohol. 


B. Estimation of Free Cholesterol. 


An aliquot of the extract containing about 0.5 to 1.2 mg. of 
cholesterol (usually 20 ec. in the case of plasma) is measured into 
a glass-stoppered 125 cc. Pyrex Erlenmeyer flask. 1 ec. of the 1 
per cent digitonin solution is added and the whole evaporated 
just to dryness on the steam bath. The last traces of alcohol are 
removed with a current of air. The flask is taken from the steam 
bath and about 15 ec. of redistilled anhydrous ethyl ether are 
added at once. 

The special filter tube with its pad of washed and oxidized as- 
bestos is then prepared, washed with water and then with alcohol, 
and sucked almost dry. At this stage the minimum amount 
of suction should be used to avoid packing the asbestos too tightly. 
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The ether from the digitonide is poured off through this filter. 
The extraction of the digitonide is repeated three times more, 
the ether being heated to its boiling point each time. In each case 
the ether is poured off carefully though the filter. This ether ex- 
traction removes contaminating lipid material from the digitonide 
and must be thorough. 

After the last of the ether is sucked through the filter, the filter 
tube and funnel are set aside and the filter flask emptied and 
washed out with cold water. This prevents back pressure of 
ether vapor during the subsequent washing with hot water. 

The filter tubes and funnels are replaced; suction is increased 
gradually and the last traces of ether removed from the filter pads. 
The flask with the digitonide precipitate has meanwhile been 
covered with 15 to 20 ce. of distilled water and placed on the 
steam bath. This wash water, which contains in suspension most 
of the plate-like crystals of the digitonide, is poured off through the 
filter which has been used for the ether washings. A second por- 
tion of distilled water is added to the flask, and it is heated as 
before and poured off through the filter tube. It is usually neces- 
sary to make four washings with warm water. In all cases wash- 
ing should be continued until the soapy appearance of the digi- 
tonin solution has entirely disappeared. The size and type of 
digitonide crystal obtained will differ considerably with different 
blood and tissue extracts. Usually the more lecithin present, 
the more difficult the removal, not only of lipid but also of excess 
digitonin. 

After the last washing, when the filter is sucked dry, the tube 
and pad are removed from the funnel and placed bodily in the 
original stoppered Erlenmeyer flask, used for precipitating the 
digitonide. 

The stirring rod which has been used in pouring the ether and 
wash water into the filter tubes, together with the mouth of the 
Erlenmeyer flask, is now washed carefully from a pipette with 
1 ec. of c. Pp. concentrated sulfuric acid. The stirring rod is re- 
moved and 5 ce. of Nicloux’s reagent and 3 ce. of N KsCR,O; 
are measured into the flask. At the same time a control flask 
is prepared containing filter tube, damp asbestos pad, 1 cc. of con- 
centrated H.SO,, 5 ec. of Nicloux’s reagent, and 3 ec. of N KeCR,O;. 
At this stage the contents of the flask are agitated until the as- 
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bestos pads are separated into individual fibers. The flasks are 
loosely stoppered and heated in the oven at 124° for 15 minutes, 
or on the steam bath for 13 hours. Mixing the contents of the flasks 
so that the oxidizing agent comes in contact with every sq. mm. of sur- 
face is absolutely essential. 

After the heating, the contents of the flasks are immediately 
diluted with iced, distilled water to a volume of about 50 ce. 
10 ce. of 10 per cent KI are added to each flask immediately before 
titration, and the free iodine is titrated with 0.1 N Na,S,O ; in the 
usual way, with a starch indicator. 

Calculation —The difference between the 0.1 n thiosulfate used 
for the control and that used for the unknown represents cc. of 
0.1 N KeCR,O; used to oxidize the cholesteryl digitonide present. 

1 mg. of cholesterol as digitonide requires 10.62 cc. of 0.1 N 
K.Cr.0;for complete oxidation. Hence: 


Ce. 0.1 N thiosulfate for control — ec. 0.1 N thiosulfate for unknown _ 
10.62 7 





mg. cholesterol in the aliquot used. 


C. Estimation of Total Cholesterol. 


A second aliquot of the alcohol-ether extract (usually 10 ce. 
in the case of plasma) is measured into an ordinary 125 ec. Pyrex 
Erlenmeyer flask. If necessary, alcohol is added to bring the 
volume of actual alcohol present to 10 cc. Then 0.1 ec. of the 
strong NaOH solution is added, and the flask placed on the 
steam bath. When the volume of liquid in the flask has been 
reduced to about 1 ce., this is carefully distributed over the bottom 
of the flask and a stopper carrying a rather long inlet tube con- 
nected to a source of CO, and a shorter outlet tube is quickly put 
in place. The contents of the flask should be so adjusted that 
the stream of CO, will produce dryness in 1 minute. Heating in 
the CO, should not be prolonged. After drying, the flask is re- 
moved from the steam bath and an amount of 1:3 sulfuric acid, 
just greater than that required to neutralize the 0.1 cc. of NaOH, 
is added at once. While the flask is still hot, 15 to 20 ce. of puri- 
fied petroleum ether are poured in, and the contents of the flask 
very thoroughly mixed by agitation. The petroleum ether is 
poured off through a small paper filter into the Erlenmeyer flask 
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to be used for the oxidation, care being taken to prevent con- 
tamination with any of the aqueous layer in the flask. The ex- 
traction with petroleum ether is repeated four times in all—the 
flask being heated until the petroleum ether boils vigorously, 
and then thoroughly shaken, each time. This is necessary be- 
cause of the relatively slight solubility of cholesterol in petroleum 
ether. Other solvents have not proved satisfactory, however, 
because even a trace of acid dissolved at this stage interferes with 
the subsequent precipitation of the digitonide. 

The combined petroleum ether extracts are evaporated just to 
dryness, and the last traces of solvent are driven off with a current 
of air; the lipid remaining in the flask is dissolved in about 4 cc. of 
redistilled aleohol. 1 cc. of 1 per cent digitonin is then added, 
the contents of the flask evaporated to dryness, and the deter- 
mination of the digitonide carried out exactly as for free cholesterol. 


Toial Unsaponifiable Matter (Optional). 


A third aliquot of the extract is measured out and saponified 
with 0.1 ec. of the NaOH exactly as for total cholesterol. The 
petroleum ether extraction of the residue is, in this case, carried 
out before neutralization of the NasCO;. The petroleum ether 
extracts from this alkaline residue are, as before, poured off through 
a filter and evaporated to dryness in the oxidation flask. In- 
stead of precipitating the cholesterol with digitonide, in this case, 
the entire residue is oxidized directly with the measured quantities 
of the oxidizing agent, and the factor used is 1 mg. of cholesterol = 
3.92 ce. of 0.1 N KeCr,O;. Obviously this latter factor is only an 
approximation. 

SUMMARY AND CONCLUSION. 


A micro procedure for the determination of free and total 
cholesterol by oxidation of the digitonide with silver chromate- 
sulfuric acid and subsequent titration of the excess dichromate 
with thiosulfate is described. 

Cholesterol has been shown to be altered by the ordinary saponi- 
fication procedures in such a way that it is no longer quantitatively 
precipitated by digitonin. A study of the conditions under which 
a synthetically prepared ester of cholesterol may be saponified 
with minimal alteration in the cholesterol has been made and a 
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special procedure for saponification of blood and tissue extracts 
which conforms to these conditions has been evolved. 

Attention is called to the fact that, because of this decom- 
position of cholesterol during saponification, many estimations of 
cholesterol by precipitation as digitonide from unsaponifiable 
matter have given results which did not represent the cholesterol 
originally present in the material. 


The writer wishes to acknowledge her iridebtedness to the De- 
partment of Biochemistry and Pharmacology at The University 
of Rochester, for the facilities which made this work possible, and 
to Dr. W. R. Bloor of that department, for his helpful advice and 
suggestions throughout its progress. 
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In order to be able better to evaluate changes in plasma lipid 
levels occurring during diseased or experimental states it is neces- 
sary to have a clear conception of the variations that occur in the 
normal animal. The level of any hematological constituent 
depends on the relative rates of entrance and retirement from the 
circulating blood. Known physiologic factors which affect this 
ratio as applied to lipids are: (a) type of food ingested (1, 2), 
(b) fasting (3), (c) pregnancy (4), (d) menstruation (5) and 
reproductive cycle (6), (e) activity (7, 8), (f) age (9), (g) weight 
(10), (hk) metabolic rate (2). It is obviously essential therefore 
carefully to evaluate interpretations of results in the light of the 
above. For these reasons it was considered desirable to under- 
take a controlled study of the normal variations in blood lipids. 

In this study ten healthy male dogs, kept in heated rooms under 
standard conditions of exercise (5 to 10 minutes daily), main- 
tained at a weight that varied less than 5 per cent, and fed a con- 
stant diet of biscuit,’ were bled 15, 17, 19, 21, and 23 hours post- 
absorptive over the period of a month at intervals of 1 to 16 days. 
Samples of blood from the jugular vein were mixed with 3 drops 
of a saturated aqueous solution of sodium citrate, immediately 
centrifuged, and the plasma extracted. The analyses for total 
lipid and phospholipid were carried out on 5 cc. samples of plasma 
according to the methods outlined by Bloor (11, 12), his tech- 
nique for the colorimetric determination of total cholesterol by the 
Liebermann-Burchard reaction also being used. 


1The composition of this biscuit was as follows: protein 17.91, fat 
2.56, ash 8.60, crude fiber 2.14, and carbohydrate 61.81. 
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The accuracy and reproducibility of the methods in the hands of 
the investigator were determined by a series of analyses on known 
amounts of oleic acid and on alcohol-ether extracts of constant 
composition. The average of ten analyses of 2 mg. samples of 
oleic acid in petroleum ether gave a recovery of 99.4 per cent, 
+ 2.0 per cent from the gravimetrically prepared solution. Seven 
determinations of 0.5 mg. aliquots of cholesterol gave a recovery of 
98.0 per cent + 2.6 per cent. The cholesterol was obtained from 
human gallstones, recrystallized from alcohol and the last traces of 
spirit driven off by heating at 124° for 1 hour. The reproduci- 
bility of twelve total lipid analyses of a plasma alcohol-ether 
extract of constant composition containing approximately 2 mg. 
of lipid per sample, is shown by the low standard deviation of 
+ 1.4percent. Ten phospholipid determinations on an alcohol- 
ether extract of constant composition gave a standard deviation of 
+ 4.1 per cent with samples. containing 2 mg. of lipid material. 
It was found that while the method for phospholipid was repro- 
ducible on stock aleohol-ether extracts of blood and tissues in the 
laboratory and on purified solutions of phospholipid in petroleum 
ether, when applied to plasma extracts from the dogs under study, 
comparatively low values which could not be duplicated were ob- 
tained. These unexpected and peculiar findings were checked 
and are being investigated by Dr. Bloor. 

The reliability of the total lipid and cholesterol procedures as 
outlined by Bloor was verified. If the expression ¢ = y= is 








used to express the standard deviation, and the relation of that 
expression to the frequency curve as outlined by Dunn (13) is ac- 
cepted as applicable to these results, then a variation of + 1.4 per 
cent would encompass 68 per cent of the determinations of total 
lipid and limits of + 2.6 per cent would include the same percentage 
of cholesterol values. Inasmuch as the total fatty acid value is 
computed by subtracting from the total lipid the amount of total 
cholesterol found, the accuracy for the total fatty acid figure cannot 
be greater than that of the cholesterol. Thus a difference between 
averages of more than + 5.1 per cent (twice the standard devia- 
tion) would be a variation greater than that found in 95 per cent 
of the individual values obtained for either series, and could be 
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safely termed significant. Significant changes in lipid levels were 
taken as average differences of more than + 5 per cent. 

Each postabsorptive 15 hour level is the average of four such 
determinations taken at intervals of 1 to 16 days. The total 
cholesterol levels (Table I) ranged from 68 mg. per cent in the 
youngest dog to 188 mg. per cent in the oldest. While each post- 
absorptive level varied only + 6 per cent from the average of that 


TABLE I. 
15 Hours Postabsorptive Variations in Individual Total Fatty Acid, Total 
Cholesterol, and Total Fatty Acid: Total Cholesterol 
Values and Their Means. 





Total fatty 











Total Total id: total 
Dog No. | Weight. Height Type. fatty acid. cholesterol. bn hn 
| Sens. o Mean. me a Men.i ¢ : 
| kg. cm. | por cont|PO? cent!| ser tent per cent per cent 
29-288 19.0 103} Police. | 212 8 | 6 | 6 |3.12| 4 
29-176 | 32.3 117 “ | 205 8 | 81 | 14 |2.64 18 
29-225; 20.0, 100) Collie. | 243 5 | 98 | 4 |2.62| 7 
29-209 24.8; 105| Pointer. | 243 | 10 | 98 | 6 2.47, 7 
29-199 24.4, 109| Coach. | 270 8 |1088 | 6 |2.49| 3 
29-203 25.6) 111; “ | 297 8 {115 | 11 | 2.58; 3 
29-210 20.7! 102 Pointer. | 240 2 | 124 2 /1.92; 1 
29-207 20.8 103) Coach. | 302 6 | 138 4 /2.18| 6 
29-19| 19.7 103) “ | 348 | 7/189 | 4/248) 5 
29-228| 19.0; 111| Collie. | 348 | 5 | 188 | 2 /1.85| 3 
a [271 | 7 | 15 | 6 (243) 6 
Standard deviation, per cent....| +13 | | 28 | +14 





Each mean represents the average of four determinations. 


particular dog, each mean varied by a standard deviation of 
+ 28 per cent from the average of the means. The total fatty acid 
levels (Table I) for each animal varied by a standard deviation of 
+7 per cent from the mean of four determinations. These means 
however, ranged from 205 mg. per cent to 348 mg. per cent, with 
a standard deviation of + 13 per cent. 

In addition to observing the 15 hour level, the total fatty acid and 
total cholesterol in the plasma on the 17th, 19th, 21st, and 23rd 
postabsorptive hours were determined on five dogs, with three 
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series of observations on four animals and two series on one; a 
total of fourteen series. The slight variation from the average 
total fatty acid level is indicated by the average standard devia- 
tion of + 4.1 per cent for the five dogs (Table II). The total 
cholesterol values (Table III1) showed even greater constancy, 
having an average standard deviation of + 3.7 per cent. 


TABLE IL. 
Variations of Total Fatty Acid Levels in Individual Dogs. 








Postabsorptive hrs. ‘ , 
Standard 


Dog No. a a —$_$______— ——--— Mean. | deviation. 





mg. per cent| percent 


194 179 191 182 i944 6 | «6188 | +33 

29-176 189 191 192 207 89 | 195 | +3.5 
206 205 196 278 207 218 | +15.0 

256 258 249 256 266 257 42.1 

29-199 256 258 260 254 | 269 259 | +2.0 
269 261 257 266 265 | 263 +1.6 

230 221 | 251 | 235 | 244 | +6.0 

29-203 284 277 270 298 278 | 281 | +3.3 
276 278 285 | 286 | 286 ; 282 | 41.5 

99-207 274 287 202 | 316 | 299 | 293 | 44.7 
ee ae 299 282 318 312 | 304 | +42 
| 351 | 331 350 325 | 339 +3.4 
29-196 354 342 329 | 351 | 357 | 346 | 42.9 
304 305 323 342 | 330 | 321 | +46 

+4.1 


Oe ere P epkisiaioe me ta dak can ei eee eu aay ae ka 6a | +4. 





It is evident, therefore, that the total cholesterol and total fatty 
acid levels in an individual dog at 15, 17, 19, 21, and 23 hours post- 
absorptive are practically constant over a period of 1 month of 
controlled conditions, the standard deviations for the series being 
less than the smallest significant difference. It is also apparent 
that between different dogs, there may be marked differences in the 
levels of those substances. It is interesting to note that the lowest 
values for both total cholesterol and total fatty acid were given 
by the youngest animals, while the highest values were obtained 
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from the oldest animal. There was unfortunately no quantitative 
control of age. These findings are in accord with blood serum 
variations of total cholesterol with age, reported by Parhon and 
Parhon (9) in human beings. If the values are arranged in their 
order of magnitude, the sequence for total fatty acid and total 
cholesterol are practically the same. This parallelism between 


TABLE III. 
Variations of Total Cholesterol Levels in Individual Dogs. 



































Postab tive hrs. " 
Dog No. pos untae Mean. Fo ma 
15 | 17 19 21 23 

| | mg. percent] percent 

6 | 59 | 56 57 60 58 +2.5 

29-176 95 | 91 | 84 84 86 92 +6.4 
74 | 7 72 92 72 73 +11.7 

105 | 102 | 106 | 103 102 104 | 41.6 

29-199 99 9 | 92 94 101 96 +3.5 
113 107 | 109 106 105 108 +2.8 

86 8 | 84 83 81 8 | +2.0 

29-203 | 108 105 | 102 102 102 104 +2.3 
105 | 106 | 105 102 100 104 +2.2 

29.97 | 188 | mo | 132 | 132 | 131 129 | +7.4 
131 130 | 134 133 131 132 +1.1 

135 | 134 | 123 123 129 | 44.5 

29-196 | 137 | 140 | 132 134 133 135 +2.2 
137 | 131 | 131 131 131 132 +2.4 

PIN aio o0. 6 ip als bbe baba ainte Gas Sek eee an eeaReaeaeel +3.7 





total fatty acid and cholesterol has been mentioned by Mayer and 
Schaeffer (2) in reference to the lipid levels in different species. 

Attempts to correlate metabolism (as indicated by surface area) 
and plasma lipid levels yielded ratios that were 2 and 3 times more 
variable than the individual levels themselves. The surface area 
formula S A = 2.268 WX L published by Cowgill and Drabkin (14) 
was used. 

Terroine (3), working with dogs of unspecified sex, fed a diet of 
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bread and lean meat, and bled from the left ventricle 36 hours 
postabsorptive over periods from 2 days to 11 months, analyzed 
whole blood, using the macro method of Shimidzu for total lipid, 
and the Windaus digitonide precipitation for cholesterol. His re- 
sults, expressed in terms of per cent of dry weight, while not strictly 
comparable, are nevertheless interesting from the point of view of 
relative variations in the total fatty acid, total cholesterol, and 
total fatty acid : cholesterol ratios. If the standard deviations 
are computed from his published figures (Table IV) it is noted 
that the average of the standard deviations on individual dogs was 
+ 10.4 per cent for total fatty acid, + 10.1 per cent for total 























TABLE IV. 

) | ; 

. | a Total fatty acid. | Cholesterol. | “Se 
Dog No. values. | >: “ eee 
Mean. | deviation. | Mean. | {0eiation.| Mean. | Seonderd 

? per cent per cent per cent 

1 7 1.527 | 10.5 | 0.495/ 12.7/ 0.310} 4.7 
2 3 1.3709 | 129 | 0.4399| 11.2! 0.316] 3.0 
3 6 1.431 | 8.4 | 0.383; 9.8/ 0.260} 5.5 
4 2 | 2.001 | 9.9 | 0.478; 68| 0.245) 3.0 
| | | celeihemaiiale 

| 
AVOTOED....0.0c0cccecceves | 410.4 | | 410.1 | | 440 
Average of 14 | | | | 

dogs............| 1.653 | 27.4 | 0.590 | 421.8} 0.360 | +20.0 





Calculated from Terroine’s published figures. 


cholesterol, and + 4.0 per cent for cholesterol:total fatty acid 
ratio. These values show a slightly greater variation than those 
of the writer on plasma extracts. While it is obvious in Terroine’s 
figures that there is less variation in his cholesterol:total fatty 
acid ratio, those ratios for plasma extract offer very little advan- 
tage over the average standard deviations of either total fatty 
acid or total cholesterol, which are + 7.0 per cent and + 6.0 per 
cent as compared to that for the total fatty acid: total cholesterol 
ratio of + 5.8 per cent (Table I). 

In general, the constancy of the plasma total fatty acids and 
total cholesterol in dogs is a reflection of the constancy of those 
elements in the blood of the rabbit as found by Iscovesco (15) and 
Horiuchi (16). 
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SUMMARY. 


1. In each of ten dogs the 15 hour postabsorptive plasma 
levels varied for total fatty acid by the standard deviation of 
+ 7.0 per cent. The total cholesterol varied by the standard 
deviation of + 6.0 per cent, and the ratio between total fatty 
acid and total cholesterol by a standard deviation of + 5.8 per 
cent. 

2. The total fatty acid plasma levels in each of ten dogs over a 
period from the 15th to the 23rd hour postabsorptive varied by 
the sigma of + 4.1 per cent and the total cholesterol by a sigma of 
+ 3.7 per cent. 

3. The total fatty acid plasma levels in ten dogs under con- 
trolled conditions varied from 205 mg. per cent to 348 mg. per cent 
with a mean of 271 mg. per cent + 13.0 per cent. The total 
cholesterol plasma levels varied from 68 mg. per cent to 188 mg. 
per cent with a mean value of 115 mg. per cent + 28 per cent. 

4. The highest values for total fatty acid and total cholesterol 
were obtained from an old dog, and the lowest values were given 
by young dogs. 


It is a pleasure for the author to express his gratitude to 
Doctor Bloor for the advice and helpful criticism given through- 
out this investigation. 
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THE STRUCTURE OF GLUTATHIONE.* 
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The recognition by Hopkins (1) and by Kendall, Melkenzie, 
and Mason (2), independently and almost simultaneously, that 
glutathione is a tripeptide, and contains glycine in addition to the 
previously recognized glutamic acid and cysteine, has once more 
thrown open the question of its structure. Disregarding questions 
of optical activity, twelve tripeptides of these three amino acids 
are possible. Six of these may be excluded at once on the basis 
of the evidence of Quastel, Stewart, and Tunnicliffe (3) confirmed 
by Kendall, McKenzie, and Mason (2), that the free amino group 
is that of glutamic acid. 

The observation of Hopkins (1) that glutathione, when boiled 
with water for several hours, yields the diketopiperazine gly- 
cyleysteyl anhydride, is important, and, it seems to the writer, 
crucial, in demonstrating that glycine and cysteine are linked 
together in the original peptide. For this reason, the two struc- 
tures' which involve the linkage of glycine and cysteine each to a 
separate carboxyl of glutamic acid, must be eliminated. 

A study of oxidation products of glutathione has led to the 
general agreement (2, 3) that the y-carboxyl of glutamic acid is 
involved in peptide formation. In connection with the discussion 
in the preceding paragraph, this would imply that the a-carboxyl 
is not so involved. There appear, then, to remain only two 


* The material contained in this paper was presented before the Division of 
Biological Chemistry at the Atlanta meeting of the American Chemical 
Society, April, 1930. 

1One of these, HOs,CCH.NHCOCH(NH.)CH:CH-CONHCH(CO,H)- 
CH.SH, has been tentatively selected by Kendall and his associates (2) as 
representing glutathione; but this choice was made at a time when the 
results of Hopkins were presumably not available to them. 
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probable structures for glutathione. It must be either y-glutamyl- 
glycyleysteine (I) or y-glutamyleysteylglycine (II). A definite 
decision in favor of Formula II is made on the basis of the follow- 
ing new observations. 


CO.H CO.H 
| 
H,.NCHCH.CH:CONHCH:CONHCHCH,SH 
I. 


CO.H HSCH; 
| | 
H.NCHCH.CH:CONHCHCONHCH,CO.H 
II. 


Following a procedure suggested by the work of Schlack and 
Kumpf (4),? glutathione was condensed directly with ammonium 
thiocyanate and acetic anhydride according to the usual method 
(5) for the preparation of thichydantoins from amino acids. 
The product, obtained in 77 per cent yield, was a yellow solid 
which it has not yet been possible to recrystallize, but which 
gives analytical data consistent with the expected formula (III) 
fora bis-thiohydantoin. The acetyl group attached to sulfur only 


HN—CO HN—CO 


| | | 

sc | CH;COSCH: SC | 

| | | | | 
CH,CON—CHCH.CH:CONHCHCO—N—CH; 


III. 


increases the analogy between Formula III and the thiohydantoin 
(IV) of eysteine, which will be described in a subsequent paper. 


2 Schlack and Kumpf have developed, on the basis of the investigations 
of Johnson (5) and his associates, a very promising method, hitherto lacking, 
for the identification of amino acids having terminal carboxyl groups in 
peptides. They have, however, made certain reservations as to the ap- 
plication of the process. 

For instance, if the peptide is not previously benzoylated, they report 
that it is not in general feasible to isolate the peptide thiohydantoin. Fur- 
ther, as thiohydantoins derived from cystine have not been described, no 
peptides derived from this amino acid have hitherto been studied by their 
method. 
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HN—CO 
SC 
Cc HLCON —CHCH,SCOCH; 
IV. 


The bis-thiohydantoin was condensed with benzaldehyde (6) 
and the product, after treatment with alkali and reacidification 
gave benzalthiohydantoin (V) in more than 50 per cent yield. 


HN—CO 
s¢ 
HN—C:CHCH, 
¥. 


This product was thoroughly identified. Its formation is conelu- 
sive evidence that the glycine grouping in glutathione has taken 
part in the formation of one of the rings in Formula III. This, in 
turn, requires that in the original glutathione, the carboxyl group 
of glycine must have been free. The decision is thus clearly in 
favor of Formula IT,*: 4 and against Formula I. 

It is fully recognized that all the new results thus far reported 
in this paper would be equally consistent with a formulation of 
glutathione which attached the glycine and cysteine residues each 


? Attention should be called to the fact that Pirie and Pinhey (7), on the 
basis of dissociation constants obtained in the electrometric titration of 
glutathione, chose for the latter Formulas I or II, and recorded a slight pref- 
erence in favor of Formula II. 

‘In view of the fact that the bis-thiohydantoin derivative (III) has an 
indefinite melting point, and does not lend itself to purification by recrystal- 
lization, it was preferred not to base the choice of structure for glutathione 
on this compound, except to the extent of the demonstration that 2-thio- 
hydantoin is one of its hydrolysis products. 

It is, however, of interest to point out that the analyses of this bis-thio- 
hydantoin agree with the values calculated for the product most reasonably 
to be expected from a glutathione of the formula chosen. Moreover, the 
three conditions that (a) reduced glutathione should yie'd a bis-thiohy- 
dantoin; (b) the latter should, as demonstrated, yield 2-thio-4-benzalhy- 
dantoin; and (c) glycine and cysteine should be united in peptide linkage; 
lead to the choice of the structure selected above for glutathione without 
any additional assumptions. 
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to a separate carboxyl of glutamic acid. As has already been 
stated, such possibilities have been discarded on the sufficient 
basis of Hopkins’ observation of the formation of a diketopipera- 
zine derived from glycine and cysteine. It may be added, how- 
ever, that the action of alkali on the thiohydantoin (IV) takes a 
rather novel course, and leads to a product which could scarcely 
have escaped notice in the present work if it had been present. 
The absence of this product seems to justify the further con- 
clusion that the cysteine grouping did not take part in thiohy- 
dantoin formation, and therefore did not, in the original gluta- 
thione, have a free carboxyl group. The further discussion of 
these results will be given at another time. 

The existence of two thiohydantoin rings in the compound, 
Formula III, is considered to be further independent evidence of 
the attachment of glutamic acid in glutathione through its y- 
carboxyl group. 

EXPERIMENTAL. 


Glutathione—The glutathione used was the reduced form, 
prepared from yeast. It melted at 191-192° (decomposition) 
and contained 10.68 per cent S (calculated, 10.42 per cent). 

Condensation of Reduced Glutathione with Ammonium Thio- 
cyanate and Acetic Anhydride——Glutathione (0.60 gm.) and 
ammonium thiocyanate (0.4 gm.) were covered with 4.0 ce. of 
acetic anhydride containing 10 per cent acetic acid, and heated 
under an air condenser on a steam bath for 20 minutes. Complete 
solution took place promptly, and the usual orange color de- 
veloped. The solution was then cooled, treated with 20 ec. of 
water, and allowed to stand until the anhydride was hydrolyzed. 
The aqueous layer was then poured off, and the sticky residue 
triturated vigorously with 20 ec. of fresh cold water until ail 
stickiness had disappeared. It was then collected on a filter and 
washed with a little water. The yield was 0.715 gm. (77 per cent) 
of a product which began to sinter at about 140°, and finally 
melted indefinitely at about 155° with effervescence. The sub- 
stance was soluble in alcohol, ethyl acetate, or acetic acid, but 
could not be obtained in crystalline form when such solutions 
were allowed to evaporate. 
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CycsHigQcN;S3. Calculated. N, 14.80. S, 20.30. 
Found. > 14.83 (Kjeldahl). S, 19.85,* 20.02, 19.95. 
(Parr bomb). : 


* The first sample was from another preparation. 


Condensation of the Bis-Thioltydantoin (III) with Benzalde- 
hyde-—To 0.300 gm. of the bis-thiohydantoin and 0.5 gm. of 
freshly fused sodium acetate were added 5 ce. of glacial acetic 
acid and 0.3 ec. of benzaldehyde. The mixture was boiled rather 
vigorously under a reflux in an oil bath for 1 hour. The solution 
was then cooled, diluted with 50 ce. of water, and 6 N alkali added 
until the solution was molar with regard to alkali. After 15 
minutes, the solution was acidified with hydrochloric acid, allowed 
to stand for some time, and filtered. In two experiments, the 
yields were 65 and 67 mg. of benzal thiohydantoin (calculated, 
129 mg.). The product melted at 257°, and a mixture with 
known pure benzal thiohydantoin melted at the same temperature. 
The melting point did not change appreciably on recrystallization. 


CicoHsON2S. Calculated. S, 15.68 (Parr bomb). 
Found. ** 15.55. 


Under similar conditions of condensation, pure thiohydantoin 
gave a 96 per cent yield of the benzal derivative, but when benzoyl- 
thiohydantoin was used, not over 75 per cent could be obtained. 
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(Received for publication, June 3, 1930.) 


The very interesting method developed by Schlack and Kumpf 
(1) for the step by step degradation of peptides involves the prep- 
aration of peptide thiohydantoin derivatives in which, in general, 
only the amino acid group carrying a terminal carboxyl group 
takes part in the formation of the hydantoin ring. Very mild 
alkaline hydrolysis then splits off the thiohydantoin of this par- 
ticular amino acid, which is thus identified, and its position in the 
peptide chain demonstrated. 

Unfortunately, thiohydantoins derived from cystine and cys- 
teine have not been described, though unsuccessful attempts have 
been made to prepare them ((1) p. 138). The application of the 
method of Schlack and Kumpf to peptides containing these amino 
acids has been thus prevented. As glutathione is such a peptide, 
the writer was directly interested (2). 

The usual method (3) for the preparation of thiohydantoins 
from amino acids is not directly applicable to cystine. This, how- 
ever, appears to be due only to the extreme insolubility of cystine 
in acetic anhydride, which prevents its normal acetylation under 
such conditions. When cystine is acetylated in alkaline aqueous 
solution (the isolation of the acetyleystine is not necessary; for its 
preparation by another and less direct method see Inoue (4)), 
the residue obtained on evaporation of this solution to dryness 
(at 10 to 20 mm.) reacts readily with ammonium thiocyanate in 
acetic anhydride, and thiohydantoin formation takes place. For 
the structure of compounds discussed in the text see the accom- 
panying formule. ‘ 

From the solution there were isolated (for details, see the ex- 
perimental part) two solid organic products, and a considerable 
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amount of free sulfur.' The less soluble product (IV) melted 
above 200°, and while appreciably soluble in hot alcohol or glacial 
acetic acid, dissolved so slightly that it has thus far been purified 
only by washing with suitable solvents. Among these must be 
included carbon disulfide, as most of the sulfur liberated in the 
reaction occurs here, and must be removed. Substance IV is, 
from its analysis and general behavior, the normally expected 
product, eystine-bis-l-acetyl-2-thiohydantoin. It was obtained 
in yields as high as 50 per cent. 

A very much more soluble product, m.p. 142°, practically in- 
soluble in water, but readily soluble in hot aleohol and decidedly 
soluble even in cold and rather dilute acetic acid, gives analytical 
vilues strongly indicating a cysteine-1-S-diacetyl-2-thiohydantoin 
(V). 

Formula VI, which represents an acetyleystine which has under- 
gone thiohydantoin formation on one side only, and which has 
substantially the same nitrogen and sulfur content as V, is ex- 
cluded, since the substance actually obtained, when treated 
further with ammonium thiocyanate and acetic anhydride, gave 


no lV. 
CO.H Oo—CO 
. _# 
(CH,;,CONHCHCH,S—); (CH;C: NCHCH,S—), 
1. II. 
HN—-CO 
sc O—CO 
| l +HS+S 
(CH;CON—CHCH.S—), CH;C:NC:CH; 
7. Ill. 
HN—CO HN—CO 
sc sc CO:H 
CH;CON—CHCH:SCOCH; CH,CON—CHCH.SSCH-CHNHCOCH; 
7. ¥i. 





‘ There is a strong presumption that none of this sulfur comes from the 
thiocyanate, as‘no free sulfur has been observed in any of the large number 
of preparations of thiohydantoins from other amino acids. 
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Moreover, cysteine hydrochloride, submitted to the thiohydantoin 
condensation (in the presence of a fairly exactly equivalent amount 
of anhydrous sodium acetate) gave V as the only insoluble product. 
In this case, no free sulfur was observed. 

The remarkable behavior of the two thiohydantoins, IV and V, 
toward alkali will be the subject of the following paper. 

While the formation of a cysteine derivative (V) from cystine 
requires explanation, the liberation of free sulfur already noted is 
more surprizing. For an interesting analogy, reference may be 
made to a series of papers by Bergmann and his associates, and 
particularly to two by Bergmann and Stather (5), in which it is 
shown that cystine derivatives in which the a-carbon atom is a 
member of the diketopiperazine ring, readily lose H.S. (H:S and 8) 

















TABLE I. 
Effect of Sodium Acetate. 
| Portion A. Portion B. 
Product. l 
| Weight. | Equivalent. Weight. Equivalent. 
a < io — gm. | 
IV | 1.878 | 0.0101 0.007 | 0.0000 
V | -0.800 | 0.0034 1.163 | 0.0047 
8 | 0.038 | 0.0024 | 0.205 | 0.0128 


IV+S 0.0125 (62.5 per cent). 0.0128 (64 per cent). 





when treated with alkali, to form methylene derivatives. Berg- 
mann with others had previously shown that a very similar type of 
lability was induced in analogous azlactones. 

Now, the first stage in the formation of a thiohydantoin from 
cystine is probably the azlactone (II) (6). Considering that the 
formation of this ring has probably made the cystine much more 
susceptible to the elimination of H.Se, it requires only the presence 
of an alkaline reagent to account for the formation of some sulfur, 
and also of hydrogen sulfide (with the probable incidental forma- 
tion of III) which, again most effectively in the presence of an 
alkaline reagent, would be likely to reduce cystine derivatives 
(e.g. Il, IV) with the resultant formation of V, and incidentally 
with the liberation of further amounts of free sulfur. It seems 
quite certain that the alkaline reagent involved is sodium acetate, 








398 Thiohydantoins 


which in such a solvent as acetic anhydride is to be regarded as 
analogous to a strong alkali in water solution. 

The actual importance of sodium acetate in determining the 
proportions in which the two derivatives, IV and V, are formed, 
and of the amount of sulfur liberated, is shown very definitely 
in the experimental part of this paper. The results are sum- 
marized in Table I. It is to be noted that, according to the pre- 
ceding discussion, cystine derivatives are destroyed in two ways: 
(a) the elimination of H.S and S to form methylene derivatives; 
and (b) the reduction by H.S to cysteine derivatives. Each of 
these processes should involve the elimination of 1 atom of sulfur 
for each mol (2 equivalents) of cystine derivative. Therefore in 
Table I, 38 is taken as 1 equivalent, and it should be expected 
that the sulfur so calculated would be a measure of the cystine 
derivatives disappearing in the reaction. It is actually found 
that in the two runs, Experiments A and B (Table I) in which the 
yield of IV varies from 50 per cent to almost nothing, the sum of 
IV and the free sulfur (in equivalents) is practically a constant, 
although the total material is somewhat incompletely accounted 
for. 


EXPERIMENTAL. 


N-Acetylcystine (I).—Cystine (4.8 gm.) was dissolved in 20 ec. 
of water to which had been added 9 ec. of 6 N sodium hydroxide 
(6.7 ee., 1 mol), and 8 ce. of acetic anhydide added at once. The 
solution was stirred until the anhydride had dissolved, with suffi- 
cient cooling to keep the temperature from rising appreciably. 
An amount of hydrochloric acid just equivalent to the alkali used 
was then added, and the solution distilled to dryness under a pres- 
sure of not more than 30 mm. _ The dry residue was used directly 
for further reactions. 

Cystine-Bis-1-Acetyl-2-Thiohydantoin (IV).—In the earlier ex- 
periments, it was considered more important to avoid an excess of 
hydrochloric acid during the evaporation of the acetyleystine 
solution, than to decompose all of the sodium acetate present. 
Accordingly, somewhat less acid was used than the amount de- 
scribed in the preceding paragraph. To the dried acetylcystine 
residue were added 4.0 gm. of ammonium thiocyanate, 18 cc. of 
acetic anhydride, and 2 ce. of glacial acetic acid, and the mixture 
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was heated under an air condenser on a steam bath for 30 minutes. 
The cooled residue was then poured into 100 cc. of water, and when 
the acetic anhydride was completely decomposed, 15 gm. of dry 
sodium carbonate were slowly added, with continued stirring to 
avoid any local alkalinity. This was to decrease the solvent ac- 
tion of the acetic acid present. The same results are obtained, 
somewhat less conveniently, if the acid is largely removed by va- 
cuum distillation. 

The sticky material which separated was allowed to stand over- 
night, and if still sticky was then triturated with a fresh quantity 
of water until it was no longer so. The mixture was filtered, 
washed with water, and the filtrate discarded. The material 
on the filter was washed with 50 ce. of hot alcohol (removal of 
cysteine derivative (V)) and then with 25 ce. of carbon disulfide. 
The latter washings, on evaporation, deposited considerable 
amounts of practically pure sulfur. 

The residue on the filter was white and apparently crystalline. 
It was very slightly soluble in hot alcohol or hot glacial acetic acid, 
and washing with the latter solvent raised the melting point fairly 
readily to 208° (effervescence).2 The yield varied widely, but 
reached 50 per cent when exactly the calculated amount of hydro- 
chloric acid was used in the preparation of the acetyleystine. 


Ci2H ~OuN Sx. Calculated. N, 13.80. Ss, 31.5. 
Found. “ 14.02 (micro-Kjeldahl). 8, 31.4, 31.8 


(Parr bomb). 


Cysteine-1-S-Diacetyl-2-Thiohydantoin (V).—The alcohol ex- 
tract from the above preparation was concentrated to 10 cc., 
cooled, and then judiciously treated with sufficient water to cause 
the product to separate as a solid. It was frequently necessary 
to let the solution stand for some time. After recrystallization 
from dilute alcohol, the product melted at 142°. The best yields 
of this material (60 per cent) were obtained when the acetylcystine 
used contained small but appreciable amounts of sodium acetate. 


? A melting point as high as 214-215° (effervescence) was obtained on a 
sample which was finally digested for some time with hot acetic anhydride. 
Such variations are accompanied with very little change in the analysis of 
the products. This high melting sample contained 31.2 per cent sulfur. 
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CsH1003;N282. Calculated. S, 26.0 (Parr bomb). 
Found. ** 26.41, 26.64.° 


When the thiohydantoin (V) was again heated with thiocyan- 
ate and acetic anhydride, much of the material was recovered 
unchanged, and there was no evidence of the formation of any 
of product IV. This result eliminates from consideration 
Formula VI. 

Preparation from Cysteine—Cysteine hydrochloride (1.5 gm.) 
was condensed with 1.1 gm. of ammonium thiocyanate in 5 ce. of 
acetic anhydride which contained 0.5 cc. of acetic acid. To 
liberate the cysteine for reaction, 0.8 gm. (calculated, 0.83 gm.) 
of anhydrous sodium acetate was added before heating. The only 
product isolated was the thiohydantoin (V). No free sulfur was 
observed, and only faint traces of material difficultly soluble in hot 
alcohol were obtained. The product shown in Formula V obtained, 
after purification, contained 25.7 per cent sulfur (calculated, 26.0 
per cent). 

Influence of Sodium Acetate on the Preparation of IV and V.— 
A preparation of acetyleystine from 4.8 gm. of cystine, in which 
special care was taken to make the added hydrochloric acid just 
equivalent to the alkali originally used, was divided into two 
equal portions. One portion (Portion A) was condensed to the 
thiohydantoins directly, and the other (Portion B) after the addi- 
tion of 2.0 gm. (0.024 equivalent) of anhydrous sodium acetate. 
This quantity of acetate was, intentionally, somewhat extreme. 
The distribution of crude products isolated is shown in Table I. 

The difference in the course of the reaction in the two cases is 
striking. In Portion A, Product IV was obtained in 50 per cent 
yield, and the amount of sulfur was quite small. In Portion B, 
over 5 times as much sulfur resulted, and Product IV was practi- 
cally, if not completely, absent. But the sum (in equivalents; 
see discussion) of Products IV and S is substantially constant in the 
tworuns. It should be added that Product V obtained from Por- 
tion B was very impure, and in fact quite unsuitable for purifica- 
tion. A small fraction of the acetate used in Portion B would give 
decidedly larger yields of Product V, and a better product. 

3 This material, from its method of separation, contained a very small 


amount of free sulfur. When a sample was dissolved in dilute alkali, this 
remained as an insoluble residue, which had the melting point of sulfur. 
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The preparation of cystine-bis-l-acetyl-2-thiohydantoin 
(Formula I) and cysteine-1-S-diacetyl-2-thiohydantoin (II) has 
been described in a previous paper (1). Each of these substances 
dissolves readily in cold dilute alkali, and each, on acidification 
of these solutions, gives an amorphous, colloidal, white precipitate 
while the solution has in each case a definite odor of hydrogen 
sulfide. These precipitates, when collected on a filter and dried, 
have very similar physical properties. Both are very insoluble in 
water, and on heating decompose (with much preliminary darken- 
ing, but with a final definite effervescence) above 260°. The 
products are, however, different, as shown by analysis, and it is 
the purpose of this paper to discuss the reactions involved, and 
also to call attention to the possible utilization of the products 
formed for the diagnosis of certain polypeptides. 

The product finally obtained from the cysteine derivative (II) 
after treatment for half an hour with normal alkali at room tem- 
perature and acidification with hydrochloric acid, was rather 
obviously the (polymerized) 2-thio-5-methylenehydantoin (IV). 
The distinctly low sulfur content (calculated, 25.0 per cent; found, 
23.3, 23.8 per cent) is to be attributed to the very gelatinous 
nature of the precipitates, which makes the complete removal of 


HN—CO HN—CO 
| | 
sc sc 
(CH;CON—CHCH:S—), CH;CON—CHCH,SCOCHs 
i II. 
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HN—CO HN—CO 

sc_| sc 

(HN-CHCHS—),  (HN—C:CH,). 
IIL. IV. 

PhN—CO PhN—CO 

oc | oc | 

HN—CHCH.OH HN—C:CH; 
V. VI. 


salts by washing extremely difficult. Sufficient material for an 
ash determination was not available. 

In the case of the cystine derivative (I) the reaction was 
decidedly less simple, and it soon became apparent that more than 
one product was involved. The elimination of the N-acety] 
group seems to be practically instantaneous, as in the preceding 
case; but the subsequent elimination of H2S,: from (III) is suffi- 
ciently slower than that of CH;COSH in the analogous case, so 
that a mixture of cystine-bis-thiohydantoin (III) and methylene 
thiohydantoin (IV) results. This conclusion is based on the sulfur 
content of the mixture as obtained after alkali treatments of 
varying severity (for details, see the experimental part), as no 
method was found for separating the components of the mixture. 
Various products gave analyses indicating the presence of from 
89.5 to 54.2 per cent of (III). Less Product III was regularly 
found in those cases in which the alkali treatment was more 
severe. 

Rather close analogies exist for the changes which have been 
described. Reference has been made in the preceding paper to the 
increased lability of -SH and —OH groups attached to a 8-carbon 
in the side chain of certain cyclic compounds, as explained by 
Bergmann and‘his collaborators. In a more recent paper, Berg- 
mann and Delis (2) have shown that the 3-phenylhydantoin of 
serine (V) is converted by cold dilute alkali to 3-phenyl-5-meth- 
ylenehydantoin (VI), and even further broken down to phenyl 
urea and pyruvie acid.! The methylene derivative (VI) was 

1 In 1911, Wheeler and Hoffman (3) observed the similar formation of 
anisylpyruvie acid from 5-anisalhydantoin, but in their case warm alkali 


was necessary. 








aS 


en 
he 
on 
by 


of 
h- 
yl 
as 


ali 





B. H. Nicolet 405 


crystalline, and showed considerable solubility in hot organic 
solvents, differing in these respects from the methylene derivative 
(IV) described in the present paper. It showed, however, the 
same conspicuous insolubility in water, and the same type of 
behavior (decomposition, without melting, at a high temperature) 
when heated.? 

When the hydroxyl group of V was acetylated, the ease of con- 
version of the resulting derivative to VI by alkali was greatly 
increased (2). This helps to explain the fact that the acetylated 
cysteine derivative (II) is very much more rapidly converted to 
IV than is the cystine derivative (I). 

It remains to be stated that, when parallel samples of I and II 
were treated with cold normal alkali for half an hour and then 
acidified, the yield of final product obtained was in each case 
about 65 per cent of the calculated amount. In view of the rather 
extreme insolubility of the products, the loss is not easily ex- 
plained except on the basis of some further reaction. In view of 
the work of Bergmann and Delis (2), it is possible that a splitting 
to thiourea and pyruvic acid took place, but as this possibility 
was not suspected at the time, this point was not determined. 
The ring system here involved is at least moderately stable toward 
the action of alkali. 

Although the two products of the action of alkali on thiohy- 
dantoins of cystine and cysteine described in this paper do not 
lend themselves to recrystallization or to identification by melting 
point, they are very insoluble, and both have higher sulfur con- 
tents than any normal thiohydantoins with the exception of the 
easily recognized 2-thiohydantoin and 2-thio-5-methylhydantoin. 
From their physical characteristics and their sulfur contents it is, 
then, to be expected that they will fit into the procedure of 
Schlack and Kumpf (5) and permit the extension of their method 
to the diagnosis of polypeptides containing cystine or cysteine so 
linked as to present a terminal carboxyl group, and therefore to 
form a thiohydantoin ring involving these amino acids. 


* For a discussion of the somewhat unusual relationships of polymeric 
(or associated) methylene derivatives, see Bergmann and Enszlin (4) and 
other papers quoted there. 
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EXPERIMENTAL, 


Treatment of Cysteine-1-S-Diacetyl-2-Thiohydantoin (II) with 
Alkali.—The thiohydantoin (0.5 gm.) was dissolved in 20 ce. of 
N sodium hydroxide, and allowed to stand (at room temperature) 
for 30 minutes. The solution was then acidified (the odor of 
hydrogen sulfide was noticeable), filtered, and the gelatinous 
precipitate washed. Filtration was very slow, and the washing 
presumably rather ineffective. 


C,H,ON.S. Calculated. S, 25.0 (Parr bomb). 
Found. ** 23.8, 23.3. 


The low sulfur content is attributed to adsorbed salts. Un- 
fortunately, not enough of this preparation remained for an ash 
determination. 

Treatment of Cystine-Bis-1-Acetyl-2-Thiohydantoin (I) with 
Alkali.—The substance dissolved readily in an excess of 0.1 N 
sodium hydroxide. After 5 minutes at room temperature, half the 
solution was acidified with hydrochloric acid and filtered. There 
was some odor of hydrogen sulfide from the solution, but the 
colloidal material which separated was chiefly cystine-bis-2- 
thiohydantoin (III), as shown by the analysis, which corresponds 
to that calculated for a mixture of III with 10.5 per cent of IV. 


CsH,.02N.Sy. Calculated. 8S, 39.75 (Parr bomb). 
Found. * 38.2. 


The remaining half of the above solution was then made up 
to 1.0 n with respect to alkali, and allowed to stand 1.5 hours 
before acidification. The odor of hydrogen sulfide was stronger, 
and the product contained 33.0 per cent sulfur, which would indi- 
cate the formation of rather more than 50 per cent of the methylene 
derivative IV in addition to the III present. 

Other preparations obtained by the action of N sodium hy- 
droxide for periods of 0.5 to 1 hour, gave analyses showing 36.5, 
33.8, and 34.8 per cent sulfur respectively. No solvent other than 
alkali was found in which any of these preparations were appre- 
ciably soluble. 
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SUMMARY. 


1. The action of alkali on the acetylated thiohydantoins derived 
from cystine and from cysteine has been described, and the con- 
stitution of the products discussed. 

2. It is believed that acquaintance with these products will 
permit the extension of the method of Schlack and Kumpf (5) 
for the determination of the structure of polypeptides, to peptides 
containing cysteine. 
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In a recent publication (4) it was suggested that the structure of 
glutathione was either glutamyl c,steinyl glycine or glutamyl 
glycyl cysteine. The specific reaction which indicated that the 
glycine was in the terminal position was the formation of a deriva- 
tive of glycine through the Grignard addition product with the 
ester of glutathione and phenylmagnesium bromide. It was 
pointed out that hydrolysis of the tripeptide occurred with great 
ease in water, even at 38°, and as it seemed possible that the tri- 
peptide was split during the formation of the ester in absolute 
alcohol in the presence of hydrochloric acid, it became evident 
that further work concerning the hydrolysis of the tripeptide in 
alcohol and water was desirable. Accordingly, the ester of gluta- 
thione was again prepared and examined for the presence of split- 
products. If the structure of glutathione were glutamyl glycyl 
cysteine, the only reaction which could result in the esterification 
of the carboxyl group of glycine would involve the splitting off of 
the cysteine during the formation of the ester. The cysteine 
would be present as its ethyl ester. The ethyl ester of cysteine 
was found to respond to Sullivan’s test (8, 9) with the production 
of a little more color than an equal weight of cysteine. Some of 
the ester hydrochloride of glutathione was tested with Sullivan’s 
test, but no trace of the ester of cysteine was found. 

The ester hydrochloride of glutathione was then added to 
phenylmagnesium bromide as already described (4) and the pep- 
tide aleohol was separated and fractionated by partial pre- 
cipitation from alcohol by the addition of ether. The first fraction 
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after drying weighed 300 mg.; the second fraction, 800 mg. These 
two fractions were then analyzed for the ratio of nitrogen to 
sulfur. The ratio in the first fraction was 2.6:1; in the second, 
2.93:1. The ratio of nitrogen ta sulfur indicates that the peptide 
alcohol was formed between phenylmagnesium bromide and the 
ester of the tripeptide and is further evidence that significant 
decomposition of the tripeptide did not occur during the prepara- 
tion of the ester. The portion with the ratio of nitrogen to sulfur 
2.93:1, was then boiled in sodium hydroxide and diphenylethanol- 
amine was separated. This was boiled with acid and the resulting 
diphenylacetaldehyde converted into diphenylacetaldazine which 
was separated in a yield of 20 to 22 per cent of the peptide alcohol. 
This material was identified by its melting point and nitrogen 
content and by its identity to the same product formed from 
phenylmagnesium bromide and the ester of glycine. 

The observation that the glutamyl grouping was easily split off 
in distilled water from the other two amino acids suggested that 
it would be possible to confirm the position of the glycine by a 
study of the dipeptide obtained after loss of the glutamic acid. 
The tripeptide was dissolved in distilled water and allowed to 
stand at 62° for 120 hours. The solution was then treated with 
mercury sulfate until the maximal precipitation was produced. 
The precipitate was filtered off and the filtrate analyzed for nitro- 
gen. It was found to contain one-third of the total nitrogen in 
the tripeptide. The mercury and sulfuric acid were removed from 
the solution which was evaporated to dryness ina vacuum. The 
residue was extracted with aleohol. The alcohol-soluble fraction 
was shown to be pyrrolidone-carboxylic acid. The mercury pre- 
cipitate was decomposed in water with hydrogen sulfide and various 
experiments were carried out to show whether the amino group of 
the cysteine or the amino group of glycine was substituted. 

It was first shown that if the glutamic acid is hydrolyzed from 
the tripeptide in distilled water at 62°, almost no anhydride of 
glycyl cysteine is formed. The small amount that was formed 
was oxidized to the disulfide grouping with air in a slightly alkaline 
solution. The few mg. of the anhydride were removed and the 
filtrate divided into two portions. One-half was hydrolyzed with 
hydrochloric acid and the benzoy] derivative of the glycine was 
then formed. Less than 50 per cent of the theoretical amount 
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was obtained. The other half was treated with excess of sodium 
hypobromite. The excess of hypobromite was destroyed with 
hydrogen peroxide, the solution was made acid, concentrated to 
small volume, hydrolyzed, and the glycine was benzoylated. 
Hippuric acid was separated; the yield was 19 per cent of the 
theoretical. 

The same type of experiment was carried out after the solution 
of the tripeptide in distilled water had been heated on the steam 
bath for 22 hours. As Hopkins (3) has already shown, a larger 
amount of the anhydride of glycyl cysteine was formed; only 17 
per cent of the theoretical amount of glycine could be separated 
after hydrolysis of the dipeptide which had not formed the dian- 
hydride of glycyl cystine. After a similar solution had been 
heated for 44 hours at 100° on the steam bath, the amount of 
anhydride which was separated from the solution by filtration 
was slightly higher than when the solution was heated for 22 hours, 
but there was very little glycine which could be recovered after 
hydrolysis of the filtrate from the anhydride with hydrochloric acid. 

Other reagents were also used to determine whether the amino 
group of the glycine was substituted. The glutamic acid was 
removed by hydrolysis at 62° and the solution was divided into 
two equal portions. In one-half the glycine was determined after 
hydrolysis; the other half was treated with nitrous acid. Hippuric 
acid was recovered from each half, but again in small yield. 

The dipeptide after hydrolysis of the glutamic acid was also 
treated with 2,3,4-trinitrotoluene as suggested by Barger and 
applied by Quastel, Stewart, and Tunnicliffe (6) for the determina- 
tion of free amino groups. 

2,3,4-Trinitrotoluene was condensed with the oxidized dipep- 
tide of cystine and glycine. The excess of the nitro compound was 
removed with benzene and any unchanged peptide with water. 
The bright yellow condensation product was hydrolyzed with 
hydrochloric acid. After benzoylation, hippuric acid was re- 
covered in 27 per cent yield. This is evidence that the amino 
group of the glycine in the dipeptide is substituted. Still further 
evidence which shows that the amino group of the cysteine is free 
was given by separation of a fraction of the condensation product 
of the dipeptide and trinitrotoluene after hydrolysis with hydro- 
chloric acid. This was separated in crystalline form and found to 
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contain sulfur and nitrogen in amounts corresponding to those in 
the dinitrotoluene derivative of cystine. This is evidence that the 
amino group of the cysteine in the dipeptide is not substituted. 

The reactions of the dipeptide, after separation of the glutamy] 
grouping, with sodium hypobromite, nitrous acid, and trinitro- 
toluene all indicate that the amino group of the glycine is substi- 
tuted. These results confirm the conclusion based on the reaction 
of the ester of the tripeptide with the Grignard reagent and clearly 
show that the glycine is in the terminal position. 

The glycyl grouping in the dipeptide appears to be easily de- 
stroyed. The yields of benzoyl glycine which were recovered after 
treatment of the dipeptide with hypobromite, nitrous acid, trini- 
trotoluene, and even after heating in water are all far below the 
theoretical amounts. The results on the dipeptide obtained after 
separation of the glutamy]l grouping indicated that the sulfhydry] 
group influences the course of the reaction with the various rea- 
gents. When glutathione was first treated with sodium hypo- 
bromite, it was in the form of the sulfonic acid derivative which 
was prepared by the action of bromine in normal hydrochloric 
acid. It was therefore decided to repeat these experiments on 
glutathione with the sulfur present in the sulfhydryl form. 

In the experiments already published (4), with the sulfonic acid 
derivative of glutathione, it was possible to separate glycine in 
good yield after treatment with sodium hypobromite. Further- 
more, succinic acid derived from the glutamyl grouping was sepa- 
rated in yields as high as 50 per cent of the theoretical amount. 
When glutathione with its sulfur in the form of the sulfhydryl 
group is treated with sodium hypobromite, only a small percentage 
of the total glycine can be recovered after acid hydrolysis and 
either no succinic or only a small amount of succinic acid was 
formed. There was evidence, however, of the formation of a-hy- 
droxyglutarie acid. It was furthermore found that the results 
were greatly affected by the order of the addition. If the solution 
of glutathione was added to the solution of sodium hypobromite, 
more glycine and less succinic acid were recovered than if the 
hypobromite was slowly added to a solution of glutathione. 
Another important factor which may explain these results is the 
alkalinity of the solution. Goldschmidt, Wilberg, Nagel, and 
Martin (2) have shown that amino acids are converted into nitriles 
only in an alkaline solution. 
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In the previously described experiments, the action of hydrogen 
peroxide on the ammonium salt of glutathione was shown to 
destroy the glycyl grouping, but hydrogen peroxide oxidized the 
glutamic acid to succinic acid in a yield of 20 per cent. The action 
of hydrogen peroxide has now been studied on the ammonium salt 
of glutathione after treatment with bromine in an acid solution, 
and it has been found that if the sulfur is thus oxidized to a sulfonic 
acid derivative, glycine can be recovered after treatment with 
hydrogen peroxide and a much higher yield of succinic acid is 
formed from the glutamyl grouping. It therefore becomes evi- 
dent that the sulfhydryl group has a marked influence on the course 
of oxidation with sodium hypobromite and with hydrogen peroxide. 

The results published in this paper confirm those which we have 
previously obtained. They firmly establish the structure of 
glutathione to be glutamyl cysteinyl glycine. The recent work 
of Nicolet (5) also confirms this structure of the tripeptide. 


EXPERIMENTAL, 


Glutathione Ester. Examination for Possible Presence of Cysteine 
Ester. —The ester hydrochloride was prepared from 3 gm. of gluta- 
thione as previously described (4). 50 mg. of the dry material 
were dissolved in 100 ec. of 0.1 N hydrochloric acid. Varying 
amounts up to 5 ce. of this solution were used for Sullivan’s test 
(8, 9). No trace of the color characteristic of cysteine was ob- 
tained, although cysteine ethyl ester was found to yield even more 
color than an equal weight of cysteine. Since as little as 0.2 mg. 
of cysteine ester hydrochloride could be easily detected, there 
could not be more than 8 per cent of cysteine ester hydrochloride 
in the product. c 

Fractionation of the Peptide Alcohol from the Grignard Reaction 
Product of Glutathione Ester —Although Bettzieche (1) and cowork- 
ers have not found any instance of addition of the Grignard reagent 
to a -CONH- group, such a possibility should be excluded. If 
glutathione were glutamy] glycyl cysteine, addition of the Grignard 
reagent to the carbonyl group of the glycyl grouping as well as to 
the ester groups might conceivably account for the formation of 
the diphenylethanolamine previously reported. Such a reaction 
would likewise produce the amino alcohol derived from cysteine. 
It was found that the product of the action of the Grignard reagent 
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on cysteine ethyl ester hydrochloride is almost completely precipi- 
tated from its alcoholic solution by the addition of 5 volumes of 
ether. The product so obtained from the ester of glutathione is 
not so completely precipitated in this way. Consequently, frac- 
tional precipitation of the latter product should concentrate any 
derivative of cysteine in the first fraction. 

The crude peptide alcohol hydrochloride was prepared as already 
described. It was dissolved in alcohol and the free base precipi- 
tated with ammonia. After dilution with water the mixture was 
extracted with ether. The extract was dried with sodium sulfate 
and the ether and alcohol removed under reduced pressure. The 
residue was dissolved in a minimal amount of absolute alcohol and 
5 volumes of ether were added. After an hour the precipitate was 
separated and dried. Weight 0.31 gm. The filtrate was evapo- 
rated to a small volume and again diluted with ether. Very little 
remained in solution. The second fraction weighed 0.80 gm. 


First Fraction Analysis.—Substance 11.4 mg., 11.4 mg.; N (micro-Kjel- 
dahl) 0.784 mg., 0.781 mg. Substance 0.1008 gm.; BaSO,, 0.0445 gm. Cal- 
culated for C3sH3;0,N;S. N, 7.20; S, 5.49. Found. N, 6.88; S, 6.07. 
N:S = 2.6:1. 

Second Fraction Analysis.—Substance 11.02 mg., 11.02 mg.; N (micro- 
Kjeldahl) 0.839, 0.835. Substance 0.1791 gm.; BaSQO,, 0.0774 gm. Calcu- 
lated for C3,H3;04N3S. N, 7.20; S, 5.49. Found. N, 7.62, 7.57; S, 5.94. 
N:S = 2.93:1. 


The high values of both nitrogen and sulfur indicate incomplete 
phenylation of the glutathione ester. 

Hydrolysis of Peptide Alcohol and Formation of Diphenylacetal- 
dazine.—0.60 gm. of the peptide alcohol with the ratio of N:S 
2.93 was refluxed 6 hours in 60 ec. of 40 per cent alcohol containing 
5 per cent of sodium hydroxide. The cold solution was extracted 
thoroughly with ether. The ether was extracted with 10 per cent 
hydrochloric acid. The acid extract (50 cc.) was diluted with 
300 ce. of 10 per cent hydrochloric acid and distilled. The distil- 
late was extracted five times with ether. The ether, after drying 
with sodium sulfate, was distilled. The residue was extracted 
with three 5 ce. portions of alcohol. The alcohol solution was 
filtered and to it was added 0.3 gm. of hydrazine sulfate in 35 ce. of 
water. The mixture was shaken for } hour. The precipitate was 
separated and dried. The diphenylacetaldazine thus obtained 
weighed 0.038 gm. or 19 per cent of theory. It melted at 170-171°. 
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Analysis.—Substance 9.2 mg., 9.1 mg.; N (micro-Kjeldahl) 0.645 mg., 
0.640 mg. Calculated for C.sHaN2. N, 7.22. Found. N, 7.01, 7.03. 


The alkaline hydrolysis gives much better yield of dipheny]- 
acetaldehyde than the acid hydrolysis previously described. 

Action of Sodium Hypobromite on Partially Hydrolyzed Gluta- 
thione.—3.1 gm. of glutathione were dissolved in 50 cc. of water and 
heated at 62° for 120 hours. The solution in the flask was covered 
with a small amount of toluene. Mercury sulfate was added to 
the cooled solution until no more precipitate formed. The 
mercury precipitate was removed by filtration, and decomposed 
with hydrogen sulfide. The filtrate from the mercury precipitate 
contained 97 cc. of 0.1 N nitrogen. The solution of the decom- 
posed mercury precipitate contained 184 cc. of 0.1 N nitrogen. 
Sulfuric acid was removed from the solution of the mercury pre- 
cipitate and barium hydroxide was added until phenolsulfone- 
phthalein indicated neutrality. Air was passed through the solu- 
tion until all the SH had been oxidized by SS. The barium was 
then exactly removed with sulfuric acid and the solution was 
concentrated to 30 cc. in a vacuum. 

The solution was allowed to stand 18 hours. 15 mg. of the 
dianhydride of glycyl cystine were removed by filtration. The 
solution was then divided into two equal parts. A half was hydro- 
lyzed with constant boiling hydrochloric acid; the solution was 
benzoylated and the hippuric acid separated. The hippuric acid 
weighed 0.405 gm. This is 45 per cent of the theoretical amount. 

The other half was treated with an excess of sodium hypobromite 
(2) at 0°. The alkalinity of the solution was 0.1 x. The excess 
hypobromite was destroyed with hydrogen peroxide. The solu- 
tion was made acid, concentrated to small volume, hydrolyzed 
with hydrochloric acid, and was benzoylated. The hippuric acid 
which separated slowly from solution weighed 0.175 gm. This is 
19.5 per cent of the theoretical amount. 

Partial Hydrolysis of Glutathione at 100°.—3 gm. of glutathione 
were dissolved in 60 cc. of distilled water and heated at 100° for 
22 hours. The solution was cooled and mercury sulfate was added 
until no more precipitate formed. After decomposition of the 
mercury precipitate with hydrogen sulfide, the solution was made 
neutral to phenolsulfonephthalein and air was passed through the 
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solution for 18 hours. It was then allowed to stand for 24 hours at 
0°. 300 mg. of the dianhydride of glycyl cystine were filtered 
from the solution. The filtrate from the dianhydride of glycyl 
cystine was hydrolyzed with hydrochloric acid and the solution 
benzoylated. Only 0.150 gm. of hippuric acid was recovered. 
This is 17 per cent of the theoretical amount. 

In another experiment which was carried out in the same man- 
ner, the solution was heated for 44 hours. 410 mg. of the dian- 
hydride of glycyl cystine were filtered from the solution. Hippuric 
acid could not be separated from the filtrate of the dianhydride 
after hydrolysis with hydrochloric acid and benzoylation. 

The nitrogen in the three solutions obtained by removal of the 
mercury precipitate from the partially hydrolyzed glutathione was 
shown to be present in the form of pyrrolidonecarboxylic acid and 
not glutamic acid. These results will be reported in another 
communication. 

Hydrolysis of Dipeptide-—0.5 gm. of the material which as 
obtained from glutathione by loss of the glutamyl grouping at 62° 
and which subsequently had been oxidized to the disulfide form 
with potassium ferricyanide was hydrolyzed with 45 ce. of 20 per 
cent hydrochloric acid for 16 hours. The hydrochloric acid was 
removed by evaporation to dryness under reduced pressure. The 
residue was dissolved in 10 to 12 ec. of water. This solution was 
made slightly alkaline with ammonia. After standing overnight 
0.25 gm. of cystine (74 per cent of theory) was obtained. The 
filtrate was treated with benzoyl chloride and sodium hydroxide 
as previously described. 0.37 gm. of hippuric acid was obtained. 
This contained 74 per cent of the glycine in 0.5 gm. of the oxidized 
dipeptide. 

Other experiments on the hydrolysis of the dipeptide in which 
the cystine and glycine were separated by precipitation of the 
former with mercuric sulfate resulted in much lower yields of 
hippuric acid and also of cystine. The yields of hippuric acid 
varied from 30 to 43 percent. The lower yields may be accounted 
for by destruction of the amino acids and by adsorption on the 
mercuric sulfide and barium sulfate precipitates. 

Effect of Nitrous Acid on the Dipeptide of Cysteine and Glycine.— 
3.1 gm. of glutathione were dissolved in 100 ce. of water in a small 
flask. The temperature of the solution was maintained at 62° 
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for120hours. The solution was cooled and treated with mercury 
sulfate. The precipitate was filtered off. The filtrate from the 
mercury sulfate contained 100 ce. of 0.1 N nitrogen. Practically 
all of this was shown to be in the form of pyrrolidonecarboxylic 
acid. The mercury precipitate was suspended in water and de- 
composed with hydrogen sulfide. This solution contained 189 ce. 
of 0.1 N nitrogen. The solution was divided into two parts. 
One-half was hydrolyzed and the glycine determined after hy- 
drolysis. A quantitative result could not be obtained in this 
experiment due to an accident. Hydrochloric acid was added to 
the other half until the solution was normal in respect to this acid. 
It was then cooled to 5° and the sulfhydryl group was oxidized 
with bromine. 2 gm. of sodium nitrite were added and the solu- 
tion was allowed to remain at room temperature for 20 minutes. 
The nitrous acid was removed and the solution was concentrated 
to small volume in a vacuum. The solution was benzoylated. 
0.085 gm. of hippuric acid were separated. This is 9.5 per cent 
of the theoretical amount. 

Condensation of the Dipeptide of Cysteine and Glycine with 
2,3,4-Trinitrotoluene.—Some of the dipeptide which was ob- 
tained from glutathione through loss of the glutamyl grouping at 
62° was oxidized with potassium ferricyanide in a solution made 
slightly alkaline with barium hydroxide. The solution was 
acidified with sulfuric acid and sufficient ferric and ferrous 
sulfates added to remove the ferro- and ferricyanides present. 
The filtrate was evaporated to a small volume and alcohol added 
until it reached a concentration of 80 per cent. The potassium 
sulfate was filtered off. Most of the alcohol was evaporated 
under reduced pressure, water was added to make a volume of 200 
ec., and the sulfuric acid exactly removed with barium hy- 
droxide. The filtrate was evaporated to 5 cc. and poured into 
200 ec. of absolute aleohol. The precipitate was filtered off after 
a few hours. 

0.85 gm. of this product was dissolved in 10 cc. of water. To 
this were added 1.5 gm. of 2,3,4-trinitrotoluene (6) dissolved in 
40 ec. of absolute alcohol. The suspension was heated in a 
boiling water bath for 3 hours. The liquid was then poured off 
and the gummy substance which adhered to the bottom of the 
flask was dissolved in 5 ec. of water. The original liquid was 
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then poured back together with 15 cc. of aleohol. The flask was 
heated for 2 hours longer: the alcohol was bright yellow in color. 
The contents of the flask were evaporated to dryness. The 
solid material was extracted once with 10 cc. of water to remove 
any unchanged dipeptide. Alcohol and water were removed in 
a vacuum. Unchanged trinitrotoluene was removed from the 
dry material by three extractions with hot benzene. The resi- 
due, a bright yellow solid, weighed 1.20 gm. The trinitro- 
toluene recovered weighed 0.80 gm. The amount which reacted 
(0.70 gm.) corresponds to 1.10 gm. of the oxidized dipeptide- 
trinitrotoluene condensation product. The condensation 
product is somewhat soluble in water, soluble in alcohol, ethyl 
acetate, and acetone. It is soluble in a solution of sodium car- 
bonate from which it is precipitated as a gum by acids. 

This product was boiled 9 hours with 150 cc. of 20 per cent 
hydrochloric acid. The cold solution was extracted with ether 
until no further color was removed. To this extract was added 
the ether solution of some gummy material which adhered to the 
walls of the flask. The ether solution was extracted three times 
with a 2 per cent solution of sodium carbonate. The sodium 
carbonate solution was washed once with ether, acidified strongly 
with concentrated hydrochloric acid, heated to boiling, and allowed 
to stand 18 hours. 0.220 gm. of brownish yellow crystals sepa- 
rated from the solution. A portion was recrystallized by solution 
in sodium carbonate solution and precipitation with hydrochloric 
acid. The melting point of the crystals was 190—-195°. 


Analysis.—Substance 10.1, 9.8 mg.; N (micro-Kjeldahl, as modified by 
Stewart (7)) 1.448, 1.410 mg. Substance 0.0722 gm; BaSO,, 0.0530 gm. 
Calculated for CopH2vOwNeS:. N, 14.0; S, 10.67. Found. N, 14.3, 14.4; 


S, 10.1. 


An attempt was made to condense cystine and 2,3,4-trinitro- 
toluene but without success. An attempt was then made to use 
the dimethyl ester of cystine. Apparently reaction occurred but 
the product after hydrolysis could not be crystallized as described 
above. It was soluble in sodium carbonate solution but precipi- 
tated as a gum on the addition of acid. 

Separatton of Glycine as Hippuric Acid.—The acid solution 
which remained after extraction with ether was evaporated 
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to dryness in a vacuum. The residue was heated to boiling 
with 0.5 ec. of concentrated hydrochloric acid and 25 ec. of abso- 
lute alcohol. The solution was filtered, cooled, and diluted 
to 600 cc. with ether. A white crystalline precipitate separated 
on standing. This was filtered and the filtrate evaporated 
to about 10 ee. Upon addition of ether, more of the crystals were 
obtained. The total mount was 0.48 gm. It was dissolved in 
water and mercuric sulfate added until there was no further pre- 
cipitation. The small precipitate was centrifuged and washed 
with water. It was decomposed with hydrogen sulfide. The 
hydrogen sulfide was removed by aeration and the sulfuric acid 
with barium hydroxide. One drop of ammonia was added to the 
final filtrate and air passed through the solution until the nitro- 
prusside reaction was negative. It was then evaporated to 4 ce. 
and set aside. Cystine separated in the typical hexagonal plates. 
Weight, 0.023 gm. This is only 6 per cent of the cystine present 
in the dipeptide taken. 

The filtrate from the precipitate obtained with mercuric sulfate 
was treated with hydrogen sulfide to remove the mercury. The 
hydrogen sulfide was removed by aeration and the sulfuric acid 
with barium hydroxide. The final filtrate was evaporated to 25 ce. 
Benzoyl chloride (5 cc.) and an excess of 5 n sodium hydroxide 
were added. The mixture was shaken until the odor of benzoyl 
chloride disappeared. It was then acidified with hydrochloric acid 
and thoroughly extracted with ethyl acetate. The ethyl acetate 
was dried and distilled. The residue was dissolved in chloroform 
and allowed to stand in the ice box overnight. 0.150 gm. of hip- 
puric acid (melting point 183°) was thus obtained. This was 
27 per cent of the theoretical amount derivable from the weight of 
condensation product used. 

Action of Sodium Hypobromite on Glutathione in the SH Form.— 
3.1 gm. of glutathione were dissolved in water and cooled to 0°. 
400 cc. of 0.4 N sodium hypobromite were cooled to 0° and added 
to the glutathione (2). The hypobromite solution contained an 
excess of sodium hydroxide which made the final concentration 
0.1 N in respect to sodium hydroxide. 1100 ec. of 0.1 N sodium 
hypobromite were reduced. The excess hypobromite was de- 
stroyed with hydrogen peroxide. The solution was acidified with 
hydrochloric acid and concentrated to small volume. It was then 
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hydrolyzed with constant boiling hydrochlorie acid, the hydro- 
chloric acid was distilled off until the volume was about 20 cce., the 
residue was then extracted with ether in a constant extraction 
apparatus. The ether solution was found to contain only traces 
of succinic acid but an oil which was later identified as butyro- 
lactone and a halogen-containing organic acid which undoubtedly 
was a-chloroglutaric acid, were shown to be present. The solu- 
tion after extraction with ether was treated with benzoyl chloride 
and 0.590 gm. of hippuric acid was separated. This is 33 per cent 
of the theoretical amount. 

In two of the experiments the conditions were changed. The 
glutathione was dissolved in 2 equivalents of sodium hydroxide. 
In one experiment the neutral solution of glutathione was added 
at 0° to 400 ec. of a solution that contained 1600 cc. of 0.1 N sodium 
hypobromite and sodium hydroxide sufficient to make the solution 
0.1 N with respect to this alkali. The reduction of the hypobro- 
mite was the same as before, approximately 1100 ec. of 0.1 N. 
Only traces of succinic acid were found in the ether extract of the 
solution after it had been hydrolyzed in 8 per cent sodium hydrox- 
ide and had been acidified with hydrochloric acid. When the 
ether-soluble material was distilled from a water solution after 
the ether had been removed, an oil passed over with the distillate. 
This oil was neutral and was shown to be a lactone by its neutraliz- 
ation of sodium hydroxide when an aliquot portion was boiled 
with a few ce. of 0.1 N alkali. That the oil was butyrolactone 
which had been formed from the glutamyl grouping was shown by 
its oxidation to succinic acid. The oil was treated with barium 
hydroxide and was then evaporated to dryness. To this was 
added fuming nitric acid and the nitric acid was then removed by 
evaporation to dryness. The residue was dissolved in water and 
made alkaline. Barium succinate which formed was removed by 
filtration and was decomposed by just the required amount of 
sulfuric acid. Crystals of succinic acid were separated which 
weighed 0.110 gm. From the solution which had been extracted 
‘vith ether 0.660 gm. of hippuric acid were recovered after ben- 
zoylation. 

The same weight of glutathione, 3.1 gm., was neutralized and 
cooled to 0° and to this solution was then added the same amount 
of sodium hypobromite which was used in the previous experiment. 
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All of the volumes, concentration of alkali, and temperatures were 
thesame. The excess of hypobromite was destroyed with hydro- 
gen peroxide and sodium sulfite and the solution was concentrated 
and hydrolyzed by boiling for 6 hours with 8 per cent sodium 
hydroxide. It was made acid with hydrochloric acid and extracted 
with ether. The ether contained 0.360 gm. of succinic acid which 
was separated in crystalline form from the barium salt. The 
filtrate from the barium succinate was oxidized with fuming nitric 
acid and the succinic acid which was formed was recovered through 
its barium salt. This was decomposed with just sufficient sulfuric 
acid. The succinic acid weighed 0.105 gm. This result also in- 
dicates that the hypobromite had converted the glutamyl grouping 
into hydroxy or ketoglutaric acid instead of into carbon dioxide 
and cyanopropionic acid. From the solution after extraction with 
ether, 0.375 gm. of hippuric acid (21 per cent of theory), was 
recovered after benzoylation. 

Oxidation of Glutathione in the Form of Its Sulfonic Acid Deriva- 
tive with Hydrogen Peroxide.—3.1 gm. of glutathione were dis- 
solved in 50 ee. of N hydrochloric acid and cooled to 0°. Bromine 
was added to the solution until a distinctly yellow color remained 
after the addition of a small drop of bromine. After the bromine 
was completely reduced, the hydrochloric and hydrobromie acids 
present were neutralized with sodium hydroxide. The solution 
was then made neutral with ammonia and made to contain 5 per 
cent hydrogen peroxide. The solution was heated at 70° for 4 
hours. The excess of hydrogen peroxide was decomposed with 
manganese dioxide. The solution was concentrated to 50 ec. and 
hydrolyzed 6 hours with constant boiling hydrochloric acid. It 
was evaporated to small volume and extracted with ether in a 
constant extraction apparatus. The ether was distilled off and 
the aqueous solution of the residue was treated with barium 
hydroxide. Barium succinate was filtered off and decomposed 
with just sufficient sulfuric acid. The succinic acid weighed 0.525 
gm. ‘This is 44 per cent of the theoretical amount. The solution 
which had been extracted with ether was benzoylated. 0.435 gm. 
of hippuric acid was separated. This is 24 per cent of the theo- 
reticalamount. Ina previous paper (4) we have shown that when 
glutathione with the sulfur in the sulfhydryl form is treated with 
hydrogen peroxide the yield of succinic acid was 20 per cent of 
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theoretical: glycine could not be recovered in the form of hip- 
puric acid. 


SUMMARY, 


Cysteine is not split off from glutathione during the preparation 
of the ester of the tripeptide in absolute alcohol with hydrochloric 
acid gas. The ester hydrochloride of glutathione will react with 
phenylmagnesium bromide and form the Grignard addition 
product in which the ratio of nitrogen to sulfur is 3:1. From the 
Grignard addition product, diphenylacetaldehyde can be sepa- 
rated. This is evidence that the carboxyl group of the glycine in 
glutathione is not substituted. 

In a water solution at 62° the glutamyl grouping of glutathione 
is completely hydrolyzed from the dipeptide of cysteine and gly- 
cine. Only traces of the anhydride of glyeyl cysteine are formed 
under these conditions. 

The dipeptide of cysteine and glycine prepared by partial 
hydrolysis of glutathione with loss of the glutamyl grouping was 
treated with sodium hypobromite, nitrous acid, and trinitrotoluene. 
These reactions show that the amino group of the cysteine is free 
and that the amino group of the glycine is substituted. The struc- 
ture of glutathione is glutamy] cysteinyl glycine. 

Hydrogen peroxide converts the glutamyl grouping of gluta- 
thione into succinic acid with a yield of about 20 per cent when 
the sulfur is in the sulfhydryl form. Glycine cannot be recovered 
after treatment with hydrogen peroxide. When glutathione is in 
the form of its sulfonic acid derivative, hydrogen peroxide will 
convert a much higher percentage of the glutamyl grouping into 
succinic acid and a large amount of the glycine may be recovered. 
The sulfhydryl group exerts a marked influence on the course of 
the oxidation with hydrogen peroxide. 
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NOTE ON A PREVIOUSLY UNRECORDED OCCURRENCE OF 
CRYSTALLINE GLOBULIN IN BANANA SEEDS. 


By GEORGE L. KEENAN anv J. D. WILDMAN, 


(From the Microanalytical Laboratory, Food and Drug Administration, 
United States Department of Agriculture, Washington.) 


(Received for publication, April 21, 1930.) 


This note records the occurrence of crystalline globulin in banana 
seeds. In the course of the examination of some banana seeds 
obtained from the United Fruit Company, it was observed that 
the starchy endosperm contained large, well developed crystals 
of the octahedral type. These were found to be particularly well 
formed and especially numerous in the seed of the Bola variety, 
although they were also found in the following varieties; Martini, 
Seminifera, Alis, Kacoloon, Bastard Hemp, Belox, and Zampa. 

The erystals, as already indicated, are located in the cells of the 
endosperm, usually one crystal in a cell, and embedded in, or sur- 
rounded by, a compact mass of very small starch grains, these 
starch masses having the shape of the cell in which they are located 
(Fig. 1). In size the erystals were found to vary from l5u to 
50u with an average of 324. Their occurrence in situ in banana 
seeds appears not to have been previously recorded, in so far as a 
search of the literature has revealed, and therefore it has seemed 
worth while to call attention to their presence. Jones and Gers- 
dorff (1, 2) previously have described the isolation of crystalline 
globulins from the squash, cantaloupe, and sesame seeds. Their 
work showed no points of difference in the globulins from the 
cantaloupe and squash seeds in so far as their chemical and 
physical properties were concerned (1). Studies of the globulin 
from banana seeds have shown that its optical and microchemical 
properties are identical with those of the globulin obtained from 
the squash and cantaloupe seeds. The regular octahedra can be 
readily examined by powdering the starchy endosperm and mount- 
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ing in a suitable menstruum. These octahedra (Fig. 2.). like 
those of the squash and cantaloupe seeds, were found to have an 
n = approximately 1.545. Their identity was also confirmed by 
the usual microchemical tests for proteins. 





Fig. 1. Globulin embedded in starch masses (X 126). 


Of 


Fic. 2. Crystalline globulin from banana seed (X126). 
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_A CRYSTALLINE DERIVATIVE OF AN ACID PRESENT IN 
LIVER, ACTIVE IN PERNICIOUS ANEMIA. 


By RANDOLPH WEST ann MARION HOWE. 
(From the Medical Clinic, Presbyterian Hospital, Columbia University, 
New York.) 
(Received for publication, July 14, 1930.) 


The writers have already reported (1) the isolation from liver of 
a product possessing marked acidic properties, which was highly 
active, as judged by the reticulocyte response, after administration 
to suitable cases of pernicious anemia. The present preliminary 
communication deals with a finely crystalline salt derived from the 
above product, which has retained its biological potency after three 
recrystallizations, and also the identification of 8-hydroxyglutamic 
acid among the products of hydrolysis of the active fraction. 
Several communications on the material in liver active in perni- 
cious anemia have been published by Cohn (2) and his collabora- 
tors and by the authors. 

The crude material from which we have prepared the crystalline 
salt was obtained by a combination of procedures which our 
previous work had shown to yield active products and may be 
summarized as follows: A strong aqueous solution of commercial 
liver extract (Lilly) was saturated with picric acid and then 
repeatedly extracted with a mixture of equal parts of butyl alcohol 
and ether. The active material is not extracted, while most of the 
ordinary bases and amino acids are removed. The aqueous 
residue, after removal of most of the picric acid and solvents, is 
treated with excess of freshly precipitated lead hydroxide. The 
active material remains in solution. A further precipitate is ob- 
tained with lead acetate and either barium hydroxide or ammonia. 
This precipitate contains much hypoxanthine, mainly combined 
with pentose, and after regeneration is clinically inactive. The 
filtrate, after removal of lead and barium with a very slight excess 
of sulfuric acid, is precipitated with phosphotungstic acid in the 
presence of 3 per cent sulfuric acid. The active material is largely 
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precipitated and is recovered by careful decomposition of the pre- 
cipitate in acetone solution with barium hydroxide. After con- 
centration of the slightly acid solution at low temperatures the 
active material is treated with an excess of barium hydroxide and 
at once precipitated with a large excess of absolute alcohol. The 
barium salt on quantitative decomposition gives a product insol- 
uble in absolute alcohol, but readily soluble in water and dilute 
alcohol, which is highly potent when tested clinically. The amor- 
phous material is strongly acid to litmus and methyl red, contains 
approximately 46.6 per cent carbon, 6.9 per cent hydrogen, and 
10.6 per cent nitrogen. Free amino nitrogen is absent, but after 
acid hydrolysis approximately half of the nitrogen is obtained in 
that form. The diazo and Molisch reactions are negative, perman- 
ganate reduction negative in acid and slight in alkaline solution, 
and apart from phosphotungstic acid and phosphomolybdic acids no 
precipitates are obtained with the usual base reagents such as picric 
acid, flavianic acid, gold chloride, ete. On heating with soda-lime 
_ the vapors give an intense pyrrole reaction. With 8-naphthol 

and sulfuric acid a strong, green fluorescent solution results resem- 
bling that obtained withs-hydroxyglutamie acid. Afterhydrolysis 
of the crude product with boiling 10 per cent sulfuric acid, we have 
found pyrimidine bases absent and have sought unsuccessfully for 
most of the common amino acids and bases. We have however 
identified 6-hydroxyglutamic acid and have obtained evidence of 
the presence of a neutral substance precipitated by phosphotungs- 
tic acid which awaits complete identification. The 8-hydroxy- 
glutamic acid was isolated as silver salt as described by Dakin 
(3, 4) and then converted into the free acid with hydrogen sulfide. 
The properties of the substance are identical with those previously 


recorded. 


Analysis. Cs;H,0;N. 
Calculated. C 36.8, H 5.52, N 8.59. 
Found. ** 36.9, “‘ 5.45, ‘* 8.97 (Dumas). 
““ 8.0 (Van Slyke). 


The substance gave a typical reaction with 8-naphthol, a diazo 
test in the presence of hot sodium hydroxide, a pyrrole reaction, 
ete. The strychnine salt was prepared and after recrystallization 
from moist butyl alcohol had the properties already recorded, 
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while on oxidation with chloramine-T and subsequent treatment 
with nitrophenylhydrazine, the highly characteristic osazone melt- 
ing at 297° was obtained as described by Dakin for the acid of pro- 
tein origin.! 

The acidie properties of the clinically active material naturally 
indicated the possibility of purification by means of salts. 








Fic. 1. Twice crystallized quinine salt. X 400 approximately. 


Metallic salts soluble in water but precipitable by alcohol, e.g. 
barium, copper, ete., were prepared but could not be crystallized. 

A variety of alkaloids was next investigated. Strychnine gave 
a crystalline salt which was difficult to purify while the brucine, 
cinchonine, and cinchonidine salts are still less satisfactory. Qui- 


‘It may perhaps be worth noting in this connection that Dakin ( (4) p. 
426) wrote in 1919, ‘‘The reversibility of many biological reactions lends 
significance to the extraordinarily easy conversion of 8-hydroxyglutamic 
acid into hydroxypyrrolidonecarboxylic acid. . . . Such changes may well 
be concerned with the synthesis of substances containing the pyrrole 
nucleus. . = 
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nine however gave a finely crystalline salt which could be readily 
recrystallized. The salt was prepared by gently warming a solu- 
tion of the acid and adding quinine by degrees until the reaction 
was neutral or feebly alkaline to litmus. After being filtered from 
any undissolved base the solution was concentrated at low temper- 
ature and allowed to crystallize. The crystals were filtered off 
and reerystallized from water. The salt separated in the form 
of long glistening needles as shown in Fig. 1. The erystals, after 
drying in the desiceator, contain no water of crystallization, melt 
at 118°, and while fully soluble in cold water are extremely soluble 
in hot water. 


5.280 mg. substance: 12.020 mg. CO» and 3.43 mg. H.O = 62.1 per cent C 
and 7.1 per cent H. 
4.593 mg. substance: 0.385 ec. N at 28° and 753 mm. = 9.41 per cent N. 


The above results approximate those required for a salt of the 
formula C2)HeyNeOQe-CioHisN2O¢, but this is naturally subject to 
revision. 

The specific rotation of the salt in aqueous solution was found 
to be —97°. On decomposing the quinine salt with soda and 
removing the quinine (55 per cent) a solution was obtained which 
after hydrolysis contained amino nitrogen and gave the qualita- 
tive reactions for 8-hydroxyglutamic acid. Some evidence has 
been obtained of the presence of a salt of higher quinine content. 

The activity of the crystals has been tested on three patients 
with pernicious anemia. Case I, with red blood cells at 1.7 mil- 
lions, received 310 mg. (after removing quinine) of once crystallized 
quinine salt intravenously. The reticulocytes rose from 3 to 30 
per cent. Case II, with red blood cells at 2.4 millions, received 
340 mg. (including quinine) of twice crystallized quinine salt intra- 
venously. The reticulocytes rose from 1 to 16 percent. Case III, 
with red blood cells at 1.1 millions, received 70 mg. (excluding 
quinine) of thrice crystallized quinine salt intravenously. The 
reticulocytes rose from 0.9 to 10.7 per cent. 

The significance of the preceding observations on the structure 
of the active principle in liver is sufficiently obvious not to require 
further emphasis at this stage of the investigation. Naturally 
the possibility of some adsorbed trace of highly active hormone 
cannot be entirely excluded at present. 
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THE NORMAL PIGMENT OF THE URINE. 


Ill. A NEW METHOD FOR ITS EXTRACTION.* 
By DAVID L. DRABKIN, 


(From the Department of Physiological Chemistry, School of Medicine, 
University of Pennsylvania, Philadelphia.) 


(Received for publication, May 22, 1930.) 


INTRODUCTION. 


The study of the excretion of the normal urinary pigment, 
urochrome, under varied experimental conditions (1) and in a 
number of pathological individuals (1, 2) has permitted the con- 
clusion that the pigment is an endogenous product which is 
eliminated in quantities proportional to the metabolism. The 
genesis of so called urochrome and its precise chemical nature still 
remain to be disclosed. The development of a reliable technique 
for its isolation appears to be the logical first step in the solution 
of the above and related problems. It is the purpose of this com- 
munication to describe a new method, employed during the past 
3 years with apparent effectiveness, for the extraction of the pig- 
ment from large volumes of urine. 

A rather voluminous literature upon the methods for isolating 
the normal pigment of the urine has accumulated since the original 
contribution upon this subject in 1800. Space does not permit a 
critical review in an article of this type and the reader is referred 
to the original papers (3-19). 

Personal experience with the older methods (12, 13, 16, 18, 19) 
has indicated that certain objectionable features are present in 
each. The procedures which have been used and which should be 
avoided are: (a) concentration of the urine by boiling (3-5, 11), 
(b) use of mineral acids (11, 19), (c) use of metallic precipitants 
(7-12). 


* A preliminary report of part of this work has appeared in the Proceed- 
ings of the American Society of Biological Chemists (Drabkin, D. L., J. 
Biol. Chem., 74, p. xv (1927)). 
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Concentration of the urine by boiling yields final products which 
are resinous in nature.. Concentration before a process such as 
extraction may also increase the possibility of contaminating the 
urinary pigment with substances such as the “humin bodies,” 
monoamino acids, arginine, and histidine (20-23), with which 
it is closely associated in the urine. 

The use of mineral acid brings about progressive changes 
in composition of the urinary pigment, which may be indicated 
merely by changes in solubility (19), by the resinous character 
of the final product, or the recovery of melanin-like substances 
(evidence of advanced decomposition). 

The precipitation of the normal urinary pigment as a salt of a 
heavy metal (Pb, Cu, Hg, Sn, or Ag) has been opposed strenuously 
by Liebermann (24) on the ground of obtaining highly con- 
taminated products. As evidenced by the Kriiger-Wulff and 
Kriiger-Schmidt (25) methods for the determination of purines, 
there can be no doubt that purine and other contaminants must 
have been present in Dombrowski’s copper precipitate (12). 

Adsorption of the urinary pigment by means of charcoal (17, 18) 
and dialysis (19) have no theoretical drawbacks so far as the in- 
tegrity of the pigment is concerned. The previous concentration 
of the urine is necessary, however, in both of these methods. 
These physical procedures are not useful in the early process of 
separating the pigment from the bulk of urine. 

The saturation of the urine with (NH,)2SO,, followed by extrac- 
tion with absolute aleohol—Garrod’s technique (13)—-is the best 
method thus far introduced for the preparation of the urinary 
pigment. However, the following objections to this method 
must be considered. It is impractical to saturate very large 
volumes of urine with (NH,)2SO;._ Ethyl alcohol is a good solvent 
for many substances in the urine other than urochrome, notably 
urea. The process of purification involves lengthy washing with 
water, so that a considerable loss of pigment is unavoidable. 


EXPERIMENTAL. 


The development of an impreved technique for the isolation of 
the normal urinary pigment appeared to be in the direction of 
finding a suitable solvent with which to extract urochrome 
directly from urine. 
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Table I is practically self-explanatory. It indicates the condi- 
tions under which various solvents were found to extract pigment 
from urine. With the exception of n-butyl alcohol (where a slight 
extraction of pigment occurred), none of the solvents tried ex- 
tracted any color from untreated urine. The effect of (NH,).SO, 
was not due to its acidity, for ethyl alcohol extracted the pigment 
from urine, saturated with (NH,),SO; and rendered strongly 
alkaline by the addition of NaOH (26). No correlation between 
the solubility of the solvents in water and the extraction of pigment 
from acidified urine was demonstrated, although the best ex- 
tractants of urochrome under these conditions—normal and 
isobutyl alcohols and isobutyl aldehyde—have very similar 
solubilities (27). 


TABLE I. 
Extraction of Urinary Pigment with Various Solvents. 





























Extraction of pigment. 
Solvent. Solubility in H:0.* Adee eaten. | Atser cold. 
ration with | fication of 
(NH4)2804. urine. 
ee ee Soluble in all | ++++ 0 
proportions. 
ee en ee 6.4820° 0 0 
iia a gig acinar 0.61722° 0 0 
Ethylene chloride........... pepe | 9.86120 + 0 
Methylethylketone................. 22 .620° ad 0 
is wuncndcesaaaemaacen 8.2720° +++ 0 
lA SE een ae 0.52° + 0 
ee eee 0.572°? ++ , 0 
“ alcohol (normal)............. 7.8120° ++4+4+ | +4+44+ 
- . (secondary).......... 2220° b+ ee 
Tsobutyl aloohol............<0c0ces- Q 518° +++4+4 / +444 
Butyl alcohol (tertiary)............ Soluble in all + 0 
proportions. 
Isobutyraldehyde.................. 102° oe ptt 
Pe Ro opc e wscenannead-o- 0.1820° + 0 
“ alcohol (normal) ............ 2.722° ok oe 
IES SOREL ee RRO 0.07222° 0 0 
| EERE ae ne cee re Sai roe ee MP 8 .420° + 0 





* Figures are based on the data in volumes I of Landolt-Bérnstein and 
International Critical Tables (see also reference 27). 
0 indicates no extraction of pigment; +, slight extraction; +++4, 


maximum extraction. 
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At 20° butyl alcohol contains approximately 20 per cent of water 
and water contains about 8 per cent of butyl alcohol when the 
alcoholic and aqueous phases are in equilibrium with each other 
(28). Dakin (29) considered the solubility of water in butyl 
alcohol essential in the extraction of the monoamino acids. After 
preliminary concentration of a butyl] alcohol extract of urine, it was 
dehydrated with successive liberal quantities of anhydrous 
sodium sulfate, barium perchlorate, and finally by the use of cal- 
cium carbide. The water-free extract was highly colored and pre- 
sumably little pigment was lost during the successive stages of 
dehydration. The urinary pigment was soluble, therefore, in 
water-free butyl alcohol. 

A series of experiments, which invariably yielded the same data, 
indicated that above pH 4.5 practically no pigment was extracted 
from fresh urine by n-butyl alcohol. At this acidity extraction 
definitely began and approached a maximum at pH 3.9. There- 
fore, for optimum extraction of pigment urine should be acidified 
to pH 4.3 to 3.9. Old, putrid urine was found refractile to ex- 
traction (of pigment) with this solvent, even after proper 
acidification. 

With increase in alkalinity, at pH 6.8 the pigment just began 
to pass into water from a water-washed butyl alcohol extract. 
At pH 7.2 about one-third of the coloring matter had shifted to the 
aqueous layer. At pH 7.5 there was approximately an equal 
distribution of pigment between water and butyl alcohol, while 
at pH 8.0 most of the pigment had left the butyl alcohol. 

The pigment from another sample of the above butyl alcohol 
extract was transferred to water at approximately pH 9.0. With 
decreasing alkalinity, at pH 6.8 there was a sudden shift of the 
greater part of the pigment from the aqueous to the alcoholic 
phase. At pH 6.0 most of the pigment had passed into the butyl 
alcohol, while at pH 5.8 only a trace of coloring matter remained 
in the water. At pH 5.5 to 5.4 the aqueous layer appeared com- 
pletely decolorized. Thus, in a separatory funnel containing 
water and butyl alcohol the pigment could be made to pass at 
will from one solvent to the other by changing the hydrogen ion 
concentration. It is to be noted that under the above conditions 
maximum extraction of pigment by butyl alcohol was at a higher 
pH than in the original extraction of pigment from whole urine. 
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Butyl alcohol removed about 40 per cent of the coloring matter 
from urine in a single extraction and, when the acid reaction was 
maintained, about 80 per cent in four successive extractions, 
provided that the urine was concentrated to a small volume before 
the last extraction. The pigments in the four extracts behaved 
identically in reference to solubility in water and butyl alcohol 
with changes in pH and had similar light absorption properties 
(spectroscopically). During the course of this work about 1200 
liters of urine have been submitted to the process of extraction 
(a single, rapid shaking with n-butyl alcohol). No attempt was 
made to recover the solvent which dissolved in the urine during the 
extraction period. The extract was concentrated in vacuo and 
the butyl alcohol recovered in the distillate was used again. 
The total loss of butyl alcohol has been less than 60 liters, or, 
roughly, about 50 cc. per liter of urine. 

A very important advantage in the present method of extracting 
the normal urinary pigment is the fact that the butyl alcohol 
extract may be thoroughly washed with water. The unconcen- 
trated extract was in some instances washed three times with 
double its volume of water in each washing with only a small 
loss of pigment. The amount of pigment lost in four successive 
washings with an equal volume of water was entirely negligible. 
Acid was removed by the washing. Salts, such as phosphates, 
and any extracted urea should be effectively removed by this 
washing process. 

The essential details of the new method of preparing the urinary 
pigment were as follows: Urine was collected under toluene in six 
18 liter bottles, through large funnels. As soon as possible after 
collection, the toluene was carefully siphoned off and the urine 
acidified by the addition of 150 cc. of glacial acetic acid to each 18 
liter bottle of urine. To each bottle was now added about 1.5 liters 
of n-butyl alcohol and the direct extraction of pigment was accom- 
plished by vigorous shaking for 5 to 10 minutes (insuring the com- 
plete admixture of solvent and urine). During the shaking a tem- 
porary emulsion of butyl alcoholextract and urinewasformed. The 
bottles were permitted to stand for a period of time (up to 2 hours) 
to allow for the separation at the surface of the clear extract and 
emulsion. The whole upper layer (including the emulsion) was 
then siphoned off and filtered into tall cylinders through large 
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fluted filters. The filtration process broke the emulsion effectively 
and two clear layers were obtained: a lower layer of pale, ex- 
tracted urine and upper layer of extract, which, depending upon 
concentration, varied in color from a very deep orange to an 
intense Burgundy red. The alcoholic extract was separated by 
means of large separatory funnels. About 4 liters of extract 
were obtained from each 100 liter batch of urine. 

The extract was washed four times by vigorous shaking in the 
separatory funnel with equal volumes of water. The washings 
were discarded and the extract concentrated in vacuo (temperature 
not exceeding 50°) to about one-third its original volume. The 
concentrated extract was put in the refrigerator for several days 
and then filtered. Very little material separated from the extract 
in the cold. For example, no crystals of uric acid could be found 
in the slight sediment. This was in marked contrast to the 
behavior on ice of extracts obtained by ‘‘continuous”’ extraction 
in vacuo, a method employed early in this work. 

The extract was now washed by shaking with equal volumes of 
chloroform, benzol, and ether (to remove possible extraneous 
pigments, etc. (1) ), and was further concentrated to a small 
volume in vacuo (temperature 37°). At this stage the original 
4 liters of extract had been reduced to a volume of about 600 ce. 
and pigment had begun to separate from the extract. The sepa- 
ration of pigment was most likely due to exceeding its saturation 
in the butyl aleohol. The extract was permitted to stand for 
several days and the separated pigment was collected upon a 
Buchner filter. The pigment was washed on the filter with chloro- 
form, benzol, amyl acetate, and amyl alcohol (1). It was obtained 
in the form of a dry, brown powder by washing with anhydrous 
absolute alcohol and anhydrous ether, and was further dried in a 
vacuum desiccator over sulfuric acid. 

After this first separation of pigment, the butyl alcohol concen- 
trate has been worked up in one of several ways. In each method, 
dry pigment products were obtained which had properties (solu- 
bility, etc.) similar to the pigment discussed above. 

(a) The extract was still further concentrated in vacuo resulting 
in a further separation of pigment, which was dried by washing 
with anhydrous absolute alcohol and anhydrous ether. 

(b) The pigment from the butyl alcohol concentrate was trans- 
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ferred to water by alkalization (see p. 436). In some instances 
the aqueous solution was acidified, the pigment reextracted by 
means of butyl alcohol, and then once again transferred to water 
by increasing the pH. The alkaline aqueous solution was partially 
neutralized and concentrated to a small volume in vacuo. About 
3 volumes of anhydrous ether were then added in the cold thereby 
precipitating most of the pigment. This precipitate was quickly 
collected upon a Buchner filter and dried in the manner indicated 
above. The precipitated pigment was not left in contact with 
ether too long, as changes in its solubility and drying properties 
occurred when this was done. 

(c) A fairly efficient precipitation of pigment from the butyl 
alcohol concentrate has been obtained by the direct addition to it 
in the cold of anhydrous absolute alcohol or anhydrous ether. 
The pigment was collected and dried in the usual manner. 

Some possible disadvantages of the butyl alcohol extraction 
method may be: (a) Upon standing a number of days there was 
an apparent increase in the depth of color of the butyl alcohol 
extract. Definite changes in the properties of the pigment took 
place when the butyl alcohol extract was permitted to stand 
several months or longer. The pigment, for example, became 
soluble in chloroform and resisted transfer into water except in 
the presence of strong alkali. These changes may possibly have 
been due to esterification. The extract was, therefore, “worked 
up” quickly. 

(b) Besides the normal pigment of the urine other pigments 
may be extracted by butyl alcohol. The only report in the 
literature upon the use of butyl alcohol for the extraction of 
pigment is the interesting paper of Rosenheim (30). This in- 
vestigator has found that butyl alcohol will extract all the antho- 
cyanins from their solutions in dilute acids. The pigment of 
beetroot was not extracted and is probably not a true anthocyanin. 

A preliminary study has been made of the following pigments. 

Acid Hematin.—This pigment was extracted from 0.1 Nn HCl by 
butyl alcohol. When the ‘acid hematin solution was rendered 
alkaline, pigment was not extracted by the organic solvent. 
Upon reacidification the pigment was once again extractable. 

Bilirubin.—Butyl] alcohol did not extract bilirubin from 0.1 N 
NH,OH. Upon acidification, however, the pigment was quan- 
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titatively extracted. Upon standing about 24 hours the color of 
the alcoholic solution changed from yellow to green (biliverdin?) 
and upon longer standing from green to blue. The biliary pig- 
ment could not be transferred to water from the butyl alcohol by 
increasing the pH. Thus, urochrome and bilirubin, if present 
together, may be effectively separated by the alkalization of the 
butyl alcohol solution of the two pigments. Washing the urinary 
pigment with chloroform assures the removal of traces of bile 
pigment. 

Carotin.—The writer has already reported the finding that butyl 
alcohol will extract carotin directly from untreated serum (31). 
Carotin, like bilirubin, cannot be transferred to water. It is 
soluble in the fat solvents and presents no problem in the purifica- 
tion of the urinary pigment. 

DISCUSSION. 

The most imporant factor in the extraction of the normal urinary 
pigment by means of butyl alcohol is the hydrogen ion concen- 
tration. The use of mineral acids and acidities below pH 3.0 must 
be avoided, since the pigment is unstable under these conditions. 
Acidification is readily obtained with acetic acid, since maximum 
extraction is at pH 3.9. 

The ability to shift the urinary pigment from butyl alcohol to 
water and back with change in pH may serve as an important 
means of purification. This characteristic property may also be 
used in preliminary identification of related pigments (such as the 
pigment in the aqueous extract of muscle (31)). 


SUMMARY. 


The older methods of preparing the normal pigment of the urine 
have been found inadequate. 

A new method of extracting the pigment by means of n-butyl 
alcohol has been described. Butyl alcohol is especially useful in 
this connection because it is a very poor solvent for most of the 
inorganic constituents of the urine and, at room temperature, also 
for uric acid and urea. In the present method of purifying the 
extract only the gentlest procedures have been employed. 

The importance of pH in the differential solubility of the urinary 
pigment in butyl alcohol and water has been discussed. 
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In the preceding paper (1) a new method of preparing the nor- 
mal pigment from urine has been described. It consisted essen- 
tially of extracting the pigment from acidified urine (pH about 4.0) 
with n-butyl alcohol, washing freely at different stages in the pro- 
cedure with water, chloroform, benzol, amyl acetate, and amyl 
alcohol and finally obtaining the pigment product in a dry form 
by washing with anhydrous absolute alcohol and anhydrous ether. 

The purpose of this communication is to describe briefly a 
number of preliminary studies which indicate that the normal 
urinary pigment has not been altered significantly during the 
course of preparation and that it has been prepared in probably a 
higher state of purity than hitherto. Some further evidence also 
has been adduced to show that the pigment is a chemical entity 
and not a mixture of substances. 


EXPERIMENTAL, 


With the new method, the pigment was obtained in the form of 
a dry, brown powder, which no longer had the odor of urine. Mi- 
croscopically, the freshly prepared precipitate of the urinary pig- 
ment in a drop of the mother liquor was usually refractile in char- 
acter, and in a number of preparations, the pigment particles 
looked like very small needles and could be called semicrystalline. 


* A preliminary report of part of this work has appeared in the Proceed- 
ings of the American Society of Biological Chemists (Drabkin, D. L., J. 
Biol. Chem., 74, p. xv (1927)). 
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Extraneous pigments, such as carotin, bile pigments, urobilin, 
and hematoporphyrin, could not be demonstrated spectroscopically 
in solutions of the purified pigment. The absence of uric acid was 
indicated by negative murexide tests upon the dried preparations. 
The method of preparation—extraction with butyl alcohol at room 
temperature and copious washing with water—precluded the pres- 
ence of any except possibly minute traces of urea. The ammonia 
production, if any, from the action of urease upon 0.2 gm. of 
purified pigment, dissolved in water and digested at pH 6.8 (ad- 
justed by buffer), could not be detected. 

The physical properties of the pigment were: (a) The solubili- 
ties of the freshly prepared pigment were found to be practically 
identical with those of the pigment prepared by Garrod (2). It 
was very soluble in cold and hot water, reproducing the original 
color of the urine in these solutions. (The tint of aqueous solu- 
tions varied from golden yellow to reddish brown, depending on 
the concentration.) The pigment preparation was also very solu- 
ble in dilute ethyl alcohol, though much less readily soluble in 
commercial “absolute” alcohol. It was relatively insoluble in 
anhydrous alcohol and insoluble in anhydrous ether, chloroform, 
acetone, and benzene. The pigment was somewhat soluble in 
alcohol-ether and alcohol-chloroform mixtures. On standing 1 
year over sulfuric acid in a vacuum desiccator, the pigment became 
relatively insoluble in cold water, although it was still fairly soluble 
in hot. This change in solubility was not accompanied by any 
change in physical appearance. 

(b) Aqueous and alcoholic (ethyl and butyl alcohol) solutions 
of the pigment exhibited the absorption spectrum characteristics 
of a neutral filter, showing a uniform absorption in the violet and 
ultra-violet regions. In solutions in which the intensity of color 
was about two times that of normal urine, absorption began at 
4560A. and was strong at 4250A. (violet region of spectrum). In 
more concentrated solutions there was slight absorption of light 
in the blue-green (beginning at 5430A.), with definite absorption 
at 5000A. Except for a displacement of the absorption about 50A. 
towards the violet in the case of butyl alcohol solutions there was 
no difference between the spectral characteristics of the pigment 
in the above solvent and (in approximately similar concentration) 
in ethyl aleohol. During various stages of purification no change 
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in spectrum was observed, definite absorption in dilute solutions 
still beginning at about 42504. Had urobilin been present in 
these solutions it would have been recognized by its absorption 
band (approximately 5000 to 4900A.). Findings in close agree- 
ment with the above were also obtained photographically, with a 
quartz spectrograph. 

Moderately concentrated solutions of the pigment exhibited 
the property of fluorescence between 3680 and 31224. This 
phenomenon was brought out by a Wratten 18 filter and a mer- 
cury arc lamp. Although the characteristic 2-banded spectrum 
of urobilin did not appear, an aqueous solution of urochrome, 
illuminated by a Welsbach lamp, fluoresced strongly after treat- 
ment with NH,OH and ZnC\, (followed by filtration). A strongly 
fluorescent solution (absorbing light definitely from 41204. on) 
was also obtained after heating an aqueous solution with glacial 
acetic and iodic acids. The urinary pigment, however, was prob- 
ably destroyed by this treatment. 

(c) The pigment in aqueous solution did not dialyze through 
parchment, either into water or, when acidified, into butyl alcohol. 

(d) A thoroughly washed, concentrated butyl alcohol solution 
of the pigment was subjected to “chromatographic analysis’”’ by 
Tswett’s method (3). In this method, when a solution of several 
pigments is slowly washed through a golumn of adsorbent such as 
anhydrous calcium carbonate, the pigments, due to their relative 
affinities for the adsorbent, are approximately separated in layers. 
This type of analysis indicated that the pigment preparation is 
not a mixture of substances. In control tests, bilirubin and 
carotin,! when mixed with the urinary pigment, were readily 
separated by this technique. 

The chemical properties of the pigment were: 

(a) The biuret reaction upon nearly colorless solutions of the 
purified pigment was negative. A very faint, unsatisfactory 
Adamkiewicz reaction was obtained. The Millon test, on the 
other hand, was consistently fairly strongly positive. 

(b) The pigment from a washed butyl alcohol extract was trans- 
ferred to water at approximately pH 9. From this solution the 
following metals were found to precipitate the pigment: Ag(NO;— 


1 Very kindly supplied by Professor Frank P. Underhill of Yale. 
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and SO, ), Ba(Cl— ), Cu(SO,>), Fe(SO,> and Cl~), Hg(NO;~ and 
Cl”), Pb(CH;COO~ ), and Zn(Cl~). The Cu, Fe, Hg, and Zn 
“‘salts’’ of urochrome were soluble in HCl, while the Ag precipitate 
was not. As originally found by Dombrowski (4) in the case of 
his copper-urochrome preparation, the Ag and Cu “salts” were 
soluble in NH,OH, the former producing a Burgundy red solution, 
the latter a blue-green. In two instances, with the compounds 
of Cu and Fe, refractile crystalline-like products were seen under 
the microscope, after careful evaporation of their ammoniacal and 
acid solutions. 

(c) The statement in the preliminary report that the urinary pig- 
ment, prepared by the new method, was not precipitated by alka- 
loidal reagents must be modified to include a more extended experi- 
ence. The above statement was based upon observations made 
upon an aqueous pigment solution, freshly transferred from butyl 
alcohol at pH 6.8. Under these circumstances, the urinary pig- 
ment was not precipitated by the addition of phosphotungstic, 
trichloroacetic, chromic, or picric acids. 

The writer has recently found that the reaction of the solution 
must be very carefully adjusted, because urochrome is precipitated 
by phosphotungstic and silicotungstic acids only in a narrow range 
of pH. No precipitation took place when the solution was too 
alkaline or too acid. The gptimum pH was found to be 3.8 and 
was insured by the use of a buffer solution. To a buffer-adjusted 
solution containing a weighed quantity of purified pigment 10 
per cent silicotungstic acid was gradually added until the appear- 
ance of turbidity. Upon standing overnight in the refrigerator, 
the solution was appreciably decolorized with the formation of a 
dark brown precipitate, which was beautifully crystalline under 
the microscope. The crystals were quadrangular, flat plates, or 
prisms, their color presumably varying with thickness from a pale 
yellow-pink to a red-brown. Thus far, however, all preparations 
have contained some crystals which appeared to be practically 
colorless. 

(d) Dombrowski (4) was the first to show that urochrome pos- 
sesses reducing properties. That the pigment prepared by the 
new method is a mild reducing agent was suggested by the appear- 
ance of a blue color upon the addition of a solution of the pigment 
acidified with glacial acetic acid to a dilute solution of ferric chlo- 
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ride plus a dilute solution of potassium ferricyanide. Iodic acid, 
on the other hand, was not reduced, nor were other tests for reduc- 
tion positive. 

(e) Aninteresting, new observation was the complete decoloriza- 
tion of the pigment solution by heating with zine dust and HCl, 
although whole urine could not be rendered completely colorless 
by this means. The aqueous pigment solution was also appre- 
ciably but not totally decolorized by treatment with sodium hydro- 
sulfite. Bubbling a stream of hydrogen through the pigment solu- 
tion produced no changes, nor was hydrogen rendered effective 
by the presence of platinized asbestos. Thus, decolorization was 
produced only with very powerful reductants. 

Upon standing exposed to the air, the decolorized solution very 
gradually took on color. In the presence of hydrogen peroxide 
the restoration of color was very rapid. It should be noted, 
however, that, while the intensity of the restored color was equal 
to the original, the tint was appreciably changed—the new color 
being pinkish. The decolorization and restoration of pigment 
could be repeated a number of times upon the same solution, al- 
though there was evidence of loss of pigment during the process. 

(f) Contrary to Dombrowski’s findings (4), the non-specific 
sodium nitroprusside reaction (for the SH group) was consistently 
negative, both before and after the reduction of the pigment with 
zinc and hydrochloric acid. Although a faint, pinkish color was 
sometimes produced after the addition of the nitroferricyanide 
reagent, fading of color was not observed after the addition of 
glacial acetic acid. In only one instance out of a great many was a 
good test for soluble sulfides obtained (by precipitation as PbS), 
after the incineration of the pigment with metallic sodium. 

Due to the unreliable nature of the above tests, the S was deter- 
mined quantitatively by Osborne’s (5) peroxide fusion method. 
In a single determination, 0.5 gm. of urinary pigment was found to 
contain 0.0032 gm. of sulfur (or 0.64 per cent). An equal quantity 
of high quality casein, run as a control, contained 0.0043 gm. of 
sulfur (or 0.86 per cent). No correction was made for the sulfur 
impurities in the reagents, the correction being negligible since 
only comparative values were sought. 

The pigments of dog and rat urine could be extracted by 
n-butyl alcohol and maximum extraction took place at practically 
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the same pH (3.9) as in the case of human urine (1). With 
change in hydrogen ion concentration, these pigments also could 
be transferred from butyl alcohol to water and back. 

It was of interest to evaluate provisionally the empirical 
standard which the writer had used in his earlier studies (6) in 
terms of mg. of purified pigment. A dilute alkaline solution of a 
weighed quantity of pigment was compared colorimetrically 
against the alizarin-aniline orange standard. 1 unit of pigment 
was found to be equivalent to 3.82 mg. of pigment. An average 
pigment output for an adult male was calculated to be 73 mg. 
(from 19.0 units) per 24 hours. On the same basis the output per 
square meter of surface area was calculated to be 42 mg. (from 
11.0 units). Dombrowski’s (4) figures for the daily excretion of 
urochrome are 6 to 10 times the above. 


SUMMARY. 


A preliminary study of the physical and chemical properties 
of the normal urinary pigment, prepared by butyl alcohol extrac- 
tion, has indicated that the coloring matter of urine has been 
obtained relatively unchanged and free from most adventitious 
contaminants. 
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INTRODUCTION. 


In biological researches, especially those involving the use of 
experimental animals, the results obtained are often of such irreg- 
ularity that the interpretation of the data is a perplexing part of 
the investigation. This is, in large measure, due to that element 
termed individual variation which is an admission of the fact 
that we are as yet unable to control many of the factors affecting 
our results. The biologist does not have at his command the 
precision of technique employed by the chemist or the phys- 
icist. Itis therefore advisable in biological work to use statistical 
method as an aid in the interpretation of data in order to eliminate, 
in so far as possible, unwarranted conclusions due to chance 
variations. Statistical method can also be used as a tool in deter- 
mining the general trend of reactions now on record with a view 
to making predictions as to future reactions. Such predictions 
must, of course, be verified by experimental data. 

The methods of vitamin assay are based upon the theory that 
when all food essentials except one vitamin are present in the diet 
in adequate amounts, the gain in weight is due to the vitamin 
added as a supplement. Even when performed under carefully 
standardized technique the gains in weight made by the experi- 
mental animals show considerable variability. This variability 


* Published with the permission of the Director of the Iowa Agricul- 
tural Experiment Station. 
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is not peculiar to our laboratory but is a problem of general con- 
cern. It was thought advisable to make a statistical study of the 
data now on record in this laboratory with a view to determining, 
if possible, the causes of the variability in our animals and to 
enable us to know where to begin in attempting to render our 
technique more accurate and our results less variable. In this 
paper are reported the means and correlations of different vari- 
ables, together with the per cent effect of certain measured 
variables on the gain in weight. 


EXPERIMENTAL. 


The vitamin tests performed in this laboratory have had to do 
largely with the effect of cultural conditions and degree of maturity 
upon the vitamin content of vegetables. For the purpose of this 
study, it has been assumed that the animals received the same 
quantity of vitamin, which is not strictly true, as the animals have 
been fed different kinds and different amounts of vegetables as 
the source of the vitamin under investigation. It may be stated 
here that in all our vitamin work an attempt has been made to 
approach the maintenance level for vitamin B tests and the 3 gm. 
gain per week for vitamin A tests, so that the data are not as 
heterogeneous as might be supposed at first thought. 

The animals used in these tests were albino rats 28 days of age. 
It has been shown by several investigators that the diet of the 
mother rat during pregnancy and lactation is a determining factor 
in the growth response of the young rats used for vitamin tests. 
The rats whose records were used in this study were not all 
reared on the same basal diet. Approximately 75 per cent of the 
animals were reared in this laboratory, where it is standard prac- 
tice to reduce all litters to eight rats. The mothers of these 
animals received a modified form of Steenbock’s basal ration which 
has the following composition: yellow corn-meal 64, linseed oil 
meal 16, yeast 2, wheat germ 10, crude casein 5, ground alfalfa 2, 
NaCl 0.5, and CaCO; 0.5. 10 cc. of fresh whole milk were fed 
daily. The other 25 per cent of the animals were supplied by our 
Chemistry Department. The mothers of these animals were fed 
a diet of the following composition: oat groats 35, yellow corn 38, 
alfalfa 5, wheat 9, tankage 6, linseed oil meal 5, and dried butter- 
milk 3. 
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The technique used was essentially that of Ferry (1) each rat 
being kept in an individual all metal cage with a false bottom. 
The basal diet and distilled water were fed ad libitum and the daily 
allotment of the vitamin-containing food was fed separately. 
Daily food consumption records were kept and the animals 
weighed once each week or more often. The data obtained from 


TABLE I. 
Composition of the Four Basal Diets. 





| Sherman and | Osborne and 

















| Munsell Mendel 

| vitamin A-free | vitamin A-free 

| diet. | iet. 
7 oa per cent | per cent 
Vitaanin A-Eree GOBER. ....o.occcicccccscesvsccecss 20 18 
i caidid pesad sawkdwaeenenckee wasiiewe kaa 70 51 
ath re ok 2 Boca be nk eee ieee babarmeed 5 5 
NS shiver S Gaenmicuednkinnsehinma in iemaaas + 4 
Sr chide diane Calddckee cee Riel aaa 22 
a a re ae a aan al aa cere Ls 1 
Ste MORIN, MIR se 5 siccinasiecas dna ecatesean 3.6 | 4.7 

is —— ~ and Ostgras and 

iC rT | € 

v ae B- free | v itemin B- free 

diet. diet. 
—_ | per cent | per cent 
We BP SUNO GENIE os w cesenccsicswecennacecn | 18 | 18 
DE crotch neecedssGud and Ravwind te teehee 68 | 50 
Pc cous ou teen asane Adee eben a Ween 8 8 
DRL dsthgucdvicekenscuuvuhvdsabesnussaaee 4 4 
Aki cueiiataxsvacdeaoisinennideacsindues | 18 
I ee ee ee eS 2 | 2 
RN I Mo n.occs camavecanaanaanenea | 43 | 5.2 





these experiments were tabulated for this statistical study under 
the following headings: animal number, strain, sex, initial weight, 
final weight, total experimental gain, days on experiment, vitamin 
studied, weight of the vitamin-containing food, kind of vitamin- 
containing food, condition of vitamin-containing food, total basal 
diet, kind of basal diet, and average daily consumption of the basal 
diet. In the case of vitamin A experiments, the animals were 
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depleted of their body store of vitamin A but only the data of the 
experimental period were used. 

During the course of the experimental work, two basal diets 
have been used for the vitamin A tests and also for the vitamin 
B' tests. In the case of the vitamin B experiments, the diets were 
those of Sherman and Spohn (2), and Osborne and Mendel (3). 
For the vitamin A experiments the diets were those of Sherman 
and Munsell (4) and Osborne and Mendel (5). The composition 
of each of these four rations with their approximate caloric value 
per gm. of the basal diet is givenin Table I. The chief difference 
between the two vitamin A-free diets and between the two vita- 
min B-free diets is in the amount of fat they contain. 


Comparisons of Means and Coefficients of Variability. 


The data of both the vitamin A and B experiments were sepa- 
rated into groups according to the basal diet fed, thus making 
four groups. Means were calculated in order to detect any strik- 
ing differences among any of the four groups of animals. The 
means, standard deviations, and coefficients of variability are 
shown in Tables IT and ITI. 

It will be seen in Table II that the mean initial weights with their 
standard deviations and coefficients of variability are practically 
the same for both diets. The average number of days required 
for depletion is less on the Osborne and Mendel diet containing 
fat than on the Sherman and Munsell fat-free diet, the ratio of 
the mean difference to its standard deviation being 5.4. In 
vitamin A experiments the shorter depletion period is advanta- 
geous from the standpoint of economy of time, laboratory space, 
and expenditure for food materials. It also places the animals on 
experiment at a lower age level and prevents the experimental 
period from extending beyond the logarithmic phase of the 
growth curve. By examining Table II further, it will be seen that 
during the experimental period the gain in weight on the Sherman 
and Munsell fat-free diet is greater than on the Osborne and 
Mendel diet containing fat. In this case the ratio of the mean 


' Throughout this paper the term vitamin B refers to the associated 
antineuritic and growth-promoting vitamins as they occurred in the vege- 
tables under examination. 
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fean Initial and Final Weights, Standard Deviations, and Coefficients of 
Variability of Rats Fed Different Basal Diets Free of Vitamin A. 

















Sherman and | Osborne and 
Munsell Mendel 
vitamin Vitamin 
A-free diet. | A-free diet. 
ase te hac wldd ata ein diene atte 120 349 
ey Be I Ri ince snwackewencnesncecys 110 +2.0/ 112 +1.1 
Standard deviation of initial weight, gm.......... 32 31 
Coefficient of variability of initial weight, per cent..| 29 28 
Mean No. of days on depletion................... 46+0.7| 40+0.3 
Standard deviation of days on depletion.......... 11 8.9 
RE INS, co cnencneesawtassncnecacnn 161 +:2.8| 144+-2.0 
Standard deviation of final weight, gm............ 46 55 
Coefficient of variability of final weight, percent....| 28 38 
EOE ONE See RTS 5142.5] 32 +1.9 
Standard deviation of gains in weight, gm......... 40 53 
Mean calories eaten during the experimental period.| 1902 1458 
Gm. gained per gm. food ingested................. 0.097 0.104 
" ws a 0.027 0.022 
TABLE III. 


Mean Initial and Final Weights, Standard Deviations, and Coefficients of 
Variability of Rats Fed Different Basal Diets Free of Vitamin B. 





——- and Osborne and 











Spohn Mendel 
vitamin vitamin 
B-free diet. | B-free diet. 
DR no ek audara sean anes eeden enna neon 130 330 
ne 51+0.5| 43 +0.2 
Standard deviation of initial weight, gm........... 9 6 
Coefficient of variability of initial weight, per cent...| 17 14 
Py NE NN oc ou nedccensanncsvssusne 81+2.4|) 59 +0.8 
Standard deviation of final weight, gm............. 40 21 
Coefficient of variability of final weight, per cent.....| 49 43 
SESE EOL ELE LATOR OE 30 +2.3/; 15 +0.8 
Standard deviation of gains in weight, gm.......... 39 22 
Mean calorie intake during experimental period... .| 1033 978 
Gm. gained per gm. food ingested.................. 0.127 0.080 
- . “ calorie food ingested............... 0.029 0.015 
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difference to its standard deviation is 4.3. The efficiency of the 
two diets calculated as gm. gained per gm. of diet consumed and 
the gm. gained per calorie of diet consumed can also be seen from 
the table. Whether the difference in gain is due to the difference 
in calorie intake or to some metabolic property of the fat itself is 
a question. In a paper dealing with the nutritive value of differ- 
ent fats, Takahashi (7) states that vitamin A plays an important 
role in the combustion of fat in the animal tissue. He suggests 
that the body demands vitamin A in proportion to the amount of 
fat consumed and vitamin B in proportion to the amount of 
carbohydrate consumed. These data would confirm this view in 
that upon the same quantity of vitamin A less gain in weight is 
made when the basal diet contains fat. Is vitamin A used in the 
metabolism of the fat so that the animals were actually receiving 
less vitamin A for growth? It will also be observed that whereas 
the initial weights and their standard deviations are practically 
the same on both diets, the standard deviation of the final weights 
of the animals fed the Osborne and Mendel basal diet is greater 
than that of the animals fed the Sherman and Munsell basal diet. 
The ratio of the mean difference to its standard deviation in this 
case is 4.7. What is the cause of this variability? Were these 
animals using their vitamin A for fat metabolism and consequently 
receiving less for protection against infections? Does this sus- 
ceptibility to infection account for the greater variability in their 
reactions? If the animals making smaller gains are more variable 
in their reactions is a minimum gain of 3 gm. per week a desirable 
standard? 

Table III is similar to Table II, except that the data deal with 
the vitamin B experiments. 

The differences between the mean initial weights, the standard 
deviations, and coefficients of variability, of the vitamin B test 
animals, as shown in Table III, are possibly influenced by the fact 
that the 130 animals fed Sherman and Spohn vitamin B-free diet 
were kept on a depletion period of 2 weeks before the experiment 
proper was begun. This work was done before the paper of Sher- 
man and MacArthur (8), showing the futility of this procedure, 
was published. The group of rats fed the vitamin B-free diet 
containing the higher percentage of fat gained less, and were some- 
what less variable in their reactions than the other group. The 
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ratio of the mean difference in gain to its standard deviation is 4.1 
in this case. If these differences are biologically significant, their 
cause is not understood. 

An interesting observation regarding the data presented in 
Tables II and III is the difference in the coefficients of variability 
of the initial and final weights. The only group which does not 
show an increase in the coefficient of variability during the experi- 
mental period is the vitamin A group fed the Sherman and Munsell 


TABLE IV. 
Correlation Coefficients and Their Probable Errors. 





Sherman and Osborne and 
Munsell Mendel 
diet. diet. 


| 
| 
vitamin A-free vitamin A-free 
| 
Variables. 
| 
Correlation coeffi- | Correlation coeffi- 
cients based on | cients based on 
120 animals. 349 animals. 








Initial weight and total food intake......... 0.31 +0.06 | 0.13 +0.03 











* ™ ” I ccciccaawicmeete —0.20 +0.06 — 0.20 +0.03 
Total food intake and total gain............ 0.73 +0.03 0.83 +0.02 
Sherman and Osborne and 
pohn Mendel 
vitamin B-free vitamin B-free 
diet. diet. 
Correlation coeffi- | Correlation coeffi- 
cients based on cients based on 
130 animals. 330 animals. 
Initial weight and total food intake......... 0.06 +0.06| 0.08 +0.04 
" a ° i 0.05 +0.06 | —0.17 +0.04 
Total food intake and total gain............ 0.86 +0.01 0.79 +0.01 














basal diet. To what is this increase in variability during the 
experimental period due? Is it due to uncontrollable physio- 
logical factors only or is it possible to perfect our technique suffi- 
ciently so that the weights of our animals will not be more variable 
at the end than at the beginning of the experiment? Under 
present conditions, with the wide variations in gain, especially in 
the case of the vitamin A experimental animals, it is impossible 
to discriminate between small differences in gain unless a very 
large number of animals are used. 
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Further Comparisons on the Basis of Gross Correlations. 


Correlations were run between the variables: initial weight, 
final weight, days on experiment, total food intake, and total gain. 

The more striking of these correlations are those between 
initial weight and total food intake, initial weight and total gain, 
total food intake and total gain. These correlations with their 
probable errors are recorded in Table IV. 

In any one of the four groups the biological significance of the 
correlations between initial weight and total food intake and 
between initial weight and total gain is questionable but the 
correlation between total food intake and total gain is undoubt- 
edly significant (9). 


Multiple Regression Coefficients and Regression Equations. 


For each of the four groups of data a multiple correlation 
coefficient (2) and a regression equation were calculated according 
to the method of Wallace and Snedecor (10). The independent 
variables were initial weight (A), days on the experiment (C), 
and total basal diet (D), and the dependent variable was total gain 
(X). The coefficient and equation for the data of the vitamin A 
tests wherein the animals received the Sherman and Munsell 
vitamin A-free diet are as follows: 

Vitamin A.—Sherman and Munsell vitamin A-free diet. 


R = 0.86 
X = 23-061A —032C0+020D 


This four variable regression equation? is interpreted in the follow- 
ing manner. The gain X increases: (1) 0.61 gm. per gm. decrease 
in initial weight; (2) 0.32 gm. per day decrease in the experimental 
period; (3) 0.20 gm. per gm. increase in the total basal diet. 

Similar multiple regression coefficients and regression equations, 
all of which are interpreted in the same manner, for the other three 
groups of animals are as follows: 


2 A complete discussion of linear regression both simple and multiple 
can be found in any elementary text on statistics or in the Jowa State Col- 
lege Official Publication (10). 





p 
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Vitamin A.—Osborne and Mendel vitamin A-free diet. 
R = 0.91 
X = 43 — 0.58 A — 1.96 C + 043 D 
Vitamin B.—Sherman and Spohn vitamin B-free diet. 
R = 0.89 
X = — 19 - 020A — 10C + 037 D 
Vitamin B.—Osborne and Mendel vitamin B-free diet. 


R = 0.90 
X = 15.0 — 0.88 A — 0.50C + 0.34 D 
TABLE V. 


Score Cards Showing the Per Cent of the Measured Effect of Initial Weight, 
Days on Experiment, and Total Basal Diet on Total Gain. 





















































ia D Total 
fojtial |'exper- | basal | Sum. 
Vitamin A. Sherman and Munsell vitamin A-free diet. 
Partial regression coefficients............... 0.48} 0.10} 0.95 | 1.53 
Scores or rate per cent ................205: 31.4 6.5 | 62.1 /|100.0 
Vitamin A. Osborne and Mendel vitamin A-free diet. 
Partial regression coefficients.............. 0.35 | 0.73) 1.57 | 2.65 
Scores or rate per cent.................06- 13.2 | 27.5 | 59.3 |100.0 
Vitamin B. Sherman and Spohn vitamin B-free diet. 
Partial regression coefficients.............. 0.04; 0.37| 1.15 | 1.56 
Scores or rate per cent...............2000% 2.6 | 23.7 | 73.7 |100.0 
Vitamin B. Osborne and Mendel vitamin B-free diet. 
Partial regression coefficients.............. 0.24; 0.18; 0.93 | 1.35 
Scores or rate per cent...............e000: 17.8 | 13.3 | 68.9 /|100.0 

















If we knew and could measure all of the factors affecting the 
gain in weight of an experimental animal and if all the relation- 
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ships were linear, each multiple correlation coefficient would be 
1.00. The difference between 1.00 and the square of the multiple 
correlation coefficient of any one group represents roughly the 
extent to which other uncontrolled and unmeasured factors, and 
curvilinearity affect the gain in weight. These multiple correla- 
tion coefficients are relatively high and represent our success in 
estimating the gain in weight from the three independent variables. 
In other words, they represent the extent to which the variables, 
initial weight, days on experiment, and total intake of basal diet 
influence the gain in weight. Score cards representing the per 
cent of the measured effect of each of the three independent 
variables on the dependent variable have been made according 
to the method of Wallace and Snedecor (10) and are given in 
Table V. 

It can be seen from Table V that the amount of food ingested is 
by far the most important of these factors. In all four groups the 
per cent effect of the amount of basal diet eaten is consistently 
greater than that of the initial weight or days on the experiment. 

Sherman (11) has suggested that the initial weights of vitamin A 
test animals be controlled by controlling the diet of the mother and 
by establishing certain arbitrary limits of weight for the experi- 
mental animals in any one laboratory. Unless the animal dies 
before the expiration of the experimental period the time limit 
proposed is 56 days. Since these two factors, initial weight and 
experimental period, have much less influence on the gain in 
weight than the amount of basal diet eaten would it not be 
well to consider some regulation of this factor? Surely the ques- 
tion is worthy of further study. 


SUMMARY. 


An application of statistical method to the data of 929 vitamin 
A and B feeding experiments has been made with a view to deter- 
mining the factors influencing the variability of the weight gains 
of the test animals. It has been found that the quantity of the 
basal diet consumed is the measured factor having the greatest 
influence upon the growth response. The data suggest that this 
might be a valuable point of attack in attempting to develop a 
technique, which will result in more uniform results. 
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INTRODUCTION. 


In making a quantitative determination of the amount of vita- 
min in a food the usual method employed is to feed a basal diet 
free of one vitamin ad libitum and supplement this diet with a 
daily allotment of the food under examination. Varying quan- 
tities of the supplementary food are fed to groups of the standard 
test animals until that quantity is found which will produce a 
standard gain in weight in a given length of time. From these 
data are calculated the units of vitamin in the food. Again, if it 
is desired to compare the vitamin potency of two foods, two grades 
of cod liver oil or two varieties of lettuce for instance, it is common 
practice to feed equal portions of the two supplements to com- 
parable groups of standard test animals and compare the weight 
gains at the end of a specified time. In such an experiment, an 
attempt is usually made to approach a minimum rate of growth in 
order to keep the sensitivity of the method at a maximum (1-3). 

When either of these two methods is used, a number of ques- 
tions recur. How large a difference must be obtained between the 
weight gains of any two groups of animals before significance can 
be assigned to the results? What criterion shall be used to deter- 
mine whether or not the difference in gain is due to the difference 
in treatment or due to chance variation? How many animals shall 
constitute an experimental lot? Obviously, if we could control 


* Published with the permission of the Director of the Iowa Agricultural 
Experiment Station. 
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all of the factors affecting the gain in weight of an animal then only 
one animal and a check would need to be used in any single experi- 
ment. Unfortunately, this is not possible and it becomes neces- 
sary to use relatively large groups of animals in order to describe 
the population accurately enough to discriminate between small 
differences in gain. 

In order to describe more accurately the population of rats as 
found in this laboratory, without running an inconveniently large 
number of animals on any one dietary regimen, we have sorted out 
all of the data of comparable vitamin tests previously run, and, 
with the aid of multiple regression, we have estimated the standard 
deviations of the populations of the animals used for vitamin A 
and vitamin B tests. The results of this study are herein reported 
together with the method of calculation used so that a similar 
study could be made in another laboratory. It would be of interest 
to compare the variability of the animals of several laboratories 
with a view to discovering differences in treatment which might 
lead to improved technique. 


EXPERIMENTAL, 


The project upon which we have been working for the past 3 
years in this laboratory is entitled, “The Vitamin Content of 
Vegetables as Affected by Cultural Conditions and Degree of 
Maturity.’”’ During this time a large number of tests have been 
made using varying quantities of different vegetables as sources 
of vitamin A and vitamin B.!. From the records of the animals so 
used have been separated a group of 349 animals used for vitamin 
A tests and 330 animals used for vitamin B tests. These animals 
were all reared in this laboratory, their parents being fed a slightly 
modified form of the stock ration recommended by Steenbock (4). 
It is common practice in this laboratory to limit all litters to eight 
rats. The young are started on the experiments at 28 days of age 
and weigh between 40 and 60 gm. Each rat is kept in an indi- 
vidual all metal cage with a false bottom. Daily food consumption 
records are kept and the rats are weighed once each week or more 
often. The 349 vitamin A test animals were fed Osborne and 


1 Throughout this paper the term ‘‘vitamin B”’ refers to the complex— 
the associated antineuritic and growth-promoting factors. 
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Mendel’s vitamin A- free basal diet (4) plus a weighed portion of 
a vegetable as the source of vitamin A. The mean gain in weight 
made by these animals during the 8 weeks feeding period was 
32+1.9gm. The 330 animals used for vitamin B tests were fed 
Osborne and Mendel’s vitamin B-free diet (4) plus a weighed 
portion of a vegetable as the source of vitamin B. The mean gain 
in weight of this group was 15 + 0.8 gm. It was thought that 
these two groups of rats afforded an opportunity to study the 
variability of our animals in order to give us a view of the number 
of animals and differences in mean gains necessary to obtain results 
which are statistically significant. 

In testing the significance of mean differences it is common 
statistical practice to hold to the criterion of a mean difference 
being three or more times as large as its standard deviation, 7.e. 
MD 
oMD 
the standard deviation of the mean difference calculated by the 
formula :? 


= 3 or more, wherein MD is the mean difference and oyp is 


2 2 

c g 

aie Xx Y 
(a) up = —-+ = 
n n 


On application to a comparative vitamin test, MD becomes the 
difference in the mean gains of the two groups of rats, oy the 
standard deviation’ of the gains in weight of the individual animals 
in one group, n the number in that group, oy the standard deviation 
of the gains in weight of the second group, and n’ the number of 
animals in the second group. 

Whether or not a criterion of three times the standard deviation 
is too severe for biological work of this nature is a matter of con- 


*In the case of paired data the formula for calculating the standard 
deviation of the mean difference is: 


me, 2 
o o o Cy 

oMD = = + = - (=x) (<5) rXy 
n n Vn Vn 


but in this paper only unpaired data are discussed and formula (a) holds. 
*The formula for the calculation of the standard deviation is 





‘= yea wherein X = the gain in weight of an individual rat, 


M the mean gain of the lot, and n the number of animals in the lot. 
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troversy. Newcomb (5) states: “The criterion of three times 
the standard error is a severe one. With a difference of twice the 
standard error probable significance can be inferred.’ Fisher (6) 
states, “If the difference is many times greater than the standard 
error, it is certainly significant, and it is a convenient convention 
to take twice the standard error as the limit of significance.” 
The adoption of any criterion must be tempered with judgment and 
an intimate knowledge of the details of the experiment. For the 
purpose of this study we have adopted the criterion = = 3 as it 
was thought advisable to use a strict rather than a lenient standard. 

For biological work in which statistical control is exercised, the 
standard error of estimate is probably a better representative of the 
standard deviation of the population than is the standard devi- 
ation of any one sample and should be used in calculating the 
standard deviation of the mean difference relative to determining 
the significance of differences. 

The standard error of estimate may be calculated by the formula: 


=(X — My) 
(b) °xX-ACD ~ gi dal” (1 ™ R¥. acp) 


n—m 





wherein ox.4cp is the standard error of estimate, X the gain in 
weight of each animal, My the mean of the X values, R the mul- 
tiple correlation coefficient,‘ n the number of observations, and m 
the number of variables used in calculating R. The factors affect- 
ing the gain in weight which were measured during the course of 
the experiments discussed in this paper and which were used in 
calculating R were: initial weight denoted by the symbol A; days 
on the experiment, C; and total diet, D. With the factors A, C, 
and D as independent variables and total gain X as the dependent 
variable, multiple correlation coefficients and regression equations 
were calculated for the animals used in the vitamin A tests and 
also for those used in the vitamin B tests. They are as follows: 

Vitamin A Test Animals.—R = 0.91; X = 43.0 — 0.584 — 1.96C 
+ 0.43D. 

‘ The detailed method of calculating R, the multiple correlation coeffi- 
cient, can be found in the bulletin ‘‘Correlation and Machine Calculation,” 
by Wallace and Snedecor (Wallace, H. A., and Snedecor, G. W., Jowa State 
College Official Pub., 23, 36 (1925)). 
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Vitamin B Test Animals.—R = 0.90; X = 15.0 —0.88A —0.50C 
+ 0.34D. 

The standard error of estimate (as calculated by formula (b)) is 
a better estimate of the standard deviation of the population from 
which we drew our sample, than a standard deviation calculated 
by the formula in foot-note 3, because we have eliminated by means 
of regression, the portion of the standard deviation due to the 
measured variables, in this case initial weight, days on the experi- 
ment, and food intake. In the standard error of estimate then, 
we have the portion of the standard deviation due to experimental 
differences and to unknown or unmeasured attributes, since by 
means of regression we have accounted for the variation due to 
controlled experimental differences. 

In the case of the animals used for the vitamin A tests, R = 
0.9143, =(X — My)*? = 977651.2720, n = 349, and m = 4, 
Substituting these values in formula (b) above, we get: 


Cx. acp = 21.5622 


which on the basis of the data at hand is our best estimate of the 
true standard deviation for the animals used for vitamin A tests 
in this laboratory. This statistic would not represent the vari- 
ability of the animals used for vitamin A tests in any other labora- 
tory colony as there are too many factors contributing to it which 
vary from laboratory to laboratory. 

Substituting the standard error of estimate for the standard 
deviations in the formula for the standard deviation of a mean 
difference, formula (a), we obtain: 


o%.acp , °K-ACD 
(c) rp = ————= ; 


n n 








which, in case n = n’ becomes: 


2 
(c’) up = /” 7X: ACD 
n 


If we hold to the criterion of a mean difference that is 3 times 
its own standard deviation as worthy of significance, we can calcu- 
late the mean difference which must be obtained between two 
groups of rats in order to attach significance to the results. For 
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example, suppose in our laboratory we have two groups of twenty 
rats each, which are used to test the vitamin A potency of two 
grades of cod liver oil. Substituting in formula (c’) we obtain: 


(2) (21.5622)2 
“a ™ 20 


6.8181 


Hl 


Substituting this value in the equation MD = 3cyp we obtain 
MD = 20.4543. 


TABLE I. 
eo 
Mean Differences in Weight Gains Necessary for Significance for Different 
Sized Groups of Animals Used for Vitamin A Tests. 








No. of animals in group. Gentes: — “~ mean eee ‘ote quam 

6 12.4480 37.3440 

8 10.7804 32.3412 
10 9.6421 28.9263 
12 8.8021 26.4063 
14 8.1493 24.4479 
16 7.6228 22.8684 
18 7.1869 21.5607 
20 6.8181 20.4543 
22 6.5008 19.5024 
24 6.2240 18.6720 
40 4.8211 16.4633 
104 2.9899 8.9697 











In this table it is assumed that the means of one group closely approxi- 
mate those of the other group. 


It will be necessary, then, to obtain a mean difference in gain of 
20 gm. in order to conclude that the difference in gain is due to the 
difference in the vitamin A content of the oils and not due to chance 
variation. 

The above statements are true only in case the mean initial 
weight, mean food intake,and mean days on experiment of the two 
groups of twenty rats closely approximate each other. 

The mean differences in weight gains which are necessary for 
significance for different sized groups of animals used for vitamin A 
tests in this laboratory have been calculated, with the above method 





nty 
two 


ain 


Xi- 


ial 
vO 


or 





Irwin, Brandt, and Nelson 467 


MD 
and with the criterion, — 3. These mean differences are 
MD 


listed in Table I. 

In the case of the animals used for the vitamin B tests R = 
0.8970, 2(X — Mx)? = 157538.00, n = 330, and m = 4. Substi- 
tuting these values in formula (b) above we get cx. 4cp = 9.7171. 

By use of the same method of calculation as for the vitamin A 
tests the mean differences in weight gains necessary for significance 
for different sized groups of animals used for vitamin B tests have 
been calculated. These mean differences are listed in Table II. 


TABLE II. 
Mean Differences in Weight Gains Necessary for Significance for Different 
Sized Groups of Animals Used for Vitamin B Tests. 








No.of animals in group. | Stendesd.errorcf mean | Minimum mean diference 

6 5.6101 16.8303 

8 4.8586 14.5758 
10 4.3455 13.0365 
12 3.9670 11.9010 
14 3.6726 11.0178 
16 3.4355 10.3065 
18 3.2390 9.7170 
20 3.0728 9.2184 
22 2.9298 8.7894 
24 2.8050 8.4150 
40 2.1728 6.5184 
104 1.3475 4.0425 











In this table it is assumed that the means of one group closely approxi- 
mate those of the other group. 


In case the means of the two samples are not nearly equal, the 
mean difference must be corrected before the above method be- 
comes applicable. The correction is as follows: 


Corrected MDx = MDx — 0.58MD,4 — 1.96 MDc + 0.43 MDp in which 

MDx = The difference of the mean weight gains of the two samples or 
groups; 

MD, = the difference of the mean initial weights of the two samples; 

MDc = the difference of the mean number of days on experiment of the 
two samples; 

MDp = the difference of the mean weight of the basal diet ingested of 
the two samples. 
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The coefficients in the correction equation are those in the 
regression equation for vitamin A test animals. The correction 
equation for the vitamin B test animals for this laboratory is: 


Corrected MDx = MDx — 0.88 MD, — 0.50 MDc + 0.34 MDp 


The following example illustrates the necessity for the correction 
equation and its use. In an article published last year (7) the 
senior author gave some results comparing the vitamin A content 
of ethylene-ripened, air-ripened, vine-ripened, and green tomatoes. 
The means of the four variables for each of the four classes of 
tomatoes were as follows: 








— Days on Total : 

Initial : A Weigh 
weight. | ¢xPeri | basal diet | gained. 

gm. gm. gm. 
Ethylene-ripened.................. 124.10 | 56.00 598.05 | 58.40 
ERT EE PT OEE EPR E 116.42 | 56.00 570.89 | 57.10 
Ce 123.00 | 56.00 584.95 | 55.80 
MING. 5 654 a pale Weanicnwak bane 122.81 | 56.00 583.52 | 38.50 

















The mean difference in weight gains between the ethylene-ripened 
and air-ripened tomatoes is 1.3 gm. which is not significant when 
tested by the usual test as was done in that paper. Upon applying 
the correction equation as suggested in this paper we have: 


MDx (corrected) = 1.3 — (0.58) (7.68) — (1.96) (0) + (0.43) (27.16) = 8.5288 


The corrected mean difference is considerably larger than the 
observed mean difference but is still not significant since, as is 
shown in Table I, a mean difference of 20.45 is necessary for 
significance for groups of twenty animals each. 

The mean difference in weight gains between the ethylene- 
ripened and green tomatoes is 19.9 gm. which is bordering on 
significance by the usual test. The correction is 


MDx (corrected) = 19.9 — (0.58) (1.29) — (1.96) (0) + (0.48) (14.53) = 21.10 


which is in excess of the 20.45 gm. necessary for significance as 


shown in Table I. 
The data in Tables I and II indicate that the animals used for 


vitamin B tests make more consistent weight gains than do the 
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animals used for vitamin A tests. In vitamin B experiments the 
animals are placed upon the experimental diet at exactly 28 days of 
age and do not vary greatly in weight (4). Due to the depletion 
period used in vitamin A experiments the animals are started on 
the experimental diet at varying ages and are older at the begin- 
ning of the experiment than are the animals used for vitamin B 
tests. The experimental period of a vitamin A test represents a 
somewhat different phase of the growth curve of the animal than 
does the experimental period of a vitamin B test. It is beyond the 
scope of this paper to discuss the factors which might cause the 
marked differences in the reactions of the vitamin A and vitamin B 
test animals or to discuss the factors which might contribute to 
the variability within either group. 

In the routine testing of the vitamin content of foods it is often 
necessary to run preliminary experiments to determine the quan- 
tity of vitamin-containing food that will produce a minimum 
gain in weight. From such preliminary experiments an idea can 
often he gleaned as to the approximate weight gains that may be 
expected of the animals on the prescribed dietary regimen. With 
this information it is possible to determine the number of animals 
in a group that will be needed in order to prove whether the differ- 
ences in gain are statistically significant or not. Obviously, it is 
not economical to feed more animals than are necessary. 

If one holds to a strict criterion, reasonable success in making an 
estimate of the number of animals per lot can be obtained by 
solving the equation: 


MD 


——""— . = 3 forn 
Vee 
n 


which by elementary algebra becomes: 


2 
(d) n= * ek-acp x AeB 
MD 
Let us suppose that preliminary experiments have indicated 
that a mean difference of 25 gm. can be expected between the 
weight gains of two groups of vitamin A experimental animals in 
our laboratory. 
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Substituting in equation (d) 


(18) (21.5622)2 
= (95)? = 13.38 


and fourteen animals should be assigned to each lot. 


SUMMARY. 


A statistical study of the records of 349 vitamin A test animals 
and 330 vitamin B test animals was made with a view to estimat- 
ing more accurately the variability of the population of the rats 
used in this laboratory. 

A method of estimating the mean differences in weight gains 
necessary for significance and of estimating the number of animals 
per experimental lot is proposed. 

Some observations are made as to the mean difference in weight 
gains and number of animals per experimental lot necessary in 
order to obtain results of statistical significance in the routine 
vitamin testing of this laboratory. 
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Modern chemical methods have made possible the quantitative 
study of the intraocular fluids. With the choice of the dog as the 
best experimental animal which has a large amount of aqueous 
humor and which possesses an eye anatomically comparable to the 
human eye, it was believed that the analysis of the normal aqueous 
humor obtained from the living dog would serve as a fundamental 
basis for the further study of the physiological chemistry of the 
intraocular fluids. This investigation was begun with the point 
of view that future research might ultimately reveal the relation- 
ship between the chemical changes in the aqueous humor and the 
pathological processes of the ocular diseases. 


HISTORICAL. 


For nearly a century, the chemistry of the aqueous humor has been in- 
vestigated. The values of the chemical constituents have been variable 
with little or no agreement among the observers, probably because of the 
differences in technique in obtaining fluid, of the many different methods 
employed to estimate the chemical compounds, of the physiological state of 
the intraocular fluid, and of the various kinds of animals used. 

The data on the chemistry of the aqueous humor of the dog have been 
meager. Yudkin (1) found the refractive index of 146 specimens of aqueous 
humor of the dog to be between 1.33505 and 1.33501. Gala (2) calculated 
the amount of sodium chloride to be 0.78 per cent, Rados (3) 0.586 to 0.685 
per cent, and Mestrezat and Magitot (4) 0.734 per cent. Lehmann and 
Meesmann (5) estimated a trace to 0.20 per cent protein, Gala (2) 0.048, 
and Rados (3) a trace to 0.17 per cent. Rados (3) believed the amino acid 
content to be 0.06 to 0.24 per cent. 





* The expense of this experimentation was defrayed in part by a grant 
from the Committee on Scientific Research of the American Medical Asso- 
ciation, 
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It is not considered necessary to review the reports of the investigation 
on other animals such as the ox, horse, pig, and rabbit since Duke-Elder (6) 
has given recently an excellent survey of the literature in his monograph 
on the nature of the intraocular fluids. 


EXPERIMENTAL. 


To obtain the largest possible amount of aqueous humor the 
eyes of large, well nourished, healthy dogs which weighed from 
15 to 25 kilos and which were fasted for 12 hours were tapped. 
No dog was used which showed any abnormality of the eye or sur- 
rounding structures. The eye fluid obtained from any dog which 
later developed intraocular hemorrhage was discarded. 

The lids were separated by means of a spring wire speculum and 
the eyeball and cul-de-sac were thoroughly swabbed with warm 
distilled water. The eye was dried with a cotton swab and 2 drops 
of a 6 per cent solution of cocaine were dropped upon the eyeball 
and allowed to remain for 3 minutes. The eye was again washed 
with distilled water and swabbed dry. The eye was pierced in the 
upper and outer quadrant at the sclerocorneal junction by means 
of a No. 26 gauge needle and the aqueous humor withdrawn 
rapidly by means of a 2 cc. record syringe. It was possible to 
withdraw from 0.4 to 1.0 cc. from each eye. If the fluid were 
withdrawn slowly more fluid was obtained but the fluid was not 
normal aqueous humor but was contaminated with serum. Such 
fluids were disregarded for chemical analysis. 

Ether and amytal anesthesia were used on dogs fasted for 16 
hours. The dogs were anesthetized with ether vapor by the cone 
and bag method. The vapor was given slowly in the beginning of 
the anesthesia, to avoid struggling. The amytal was injected in 
doses of 100 mg. per kilo into the peritoneal cavity. It was 
found that amytal furnished excellent anesthesia for experimental 
procedures on the eye of the dog. Cocaine was not instilled into 
the conjunctival sacs. 

It was found that a modification of the methods for the analysis 
of blood constituents could be applied successfully to the aqueous 
humor available from one eye by the employment of smaller 
amounts of the solution of reagents in proportion to the amounts 
of eye fluid and by the application of the micro colorimeter. It 
was necessary to use 0.2 cc. for the estimation for sodium chloride, 
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phosphate, creatinine, and urea, and 0.5 ce. for amino acid nitro- 
gen, carbon dioxide, and non-protein nitrogen and total nitrogen. 
The modified methods were checked by the original methods on 
pooled specimens of eye fluids and on whole blood. 

The following method of analysis was used. The Pulfrich- 
Zeiss refractometer was employed for the determination of the 
refractive index at 17.5°, the method of Bang (7) for chlorides, of 
Briggs (8) for phosphates, of Denis (9) for sulfates, of Van Slyke 
(10) for carbon dioxide, of Pregl (11) for total nitrogen, of Folin 
and Wu (12) for urea, creatinine, and non-protein nitrogen, of 
Folin (13) for amino acid nitrogen, and of Benedict (14) for sugar. 
The amount of protein nitrogen was calculated by the subtraction 
of the amount of non-protein nitrogen from the total nitrogen. 

In a number of dogs which had been dead for 1 to 24 hours it was 
found that each specimen of aqueous humor gave an abnormally 
high refractive index. The glucose was observed to be too low to 
be estimated or absent. However, the total nitrogen and the 
protein nitrogen had noticeably increased. Human aqueous 
humor taken shortly after death confirmed the postmortem change 
of concentration. 


DISCUSSION. 


The small amount of aqueous humor available necessarily re- 
quires the measurement of minute quantities of the constituents. 
For this reason many of the previous investigators have taken 
pooled fluids from eyes obtained from the slaughter house. In this 
experimental work individual eye fluids of living dogs are utilized 
to evaluate the normal variations of the concentrations of the 
major components. 

As shown by Tables I to IV, amytal and ether anesthesia pro- 
duce no effect on the refractive index, creatinine, sodium chloride, 
non-protein or protein nitrogen content of the aqueous humor of 
the dog. A comparison of the components of the aqueous (Table 
IV) humor and the spinal fluid taken from dogs under amytal 
anesthesia reveals that both fluids have practically the same con- 
stitution. The sodium chloride content of the aqueous humor 
and whole venous blood is higher than that of the spinal fluid. 
The non-protein nitrogen of the aqueous humor and the spinal 
fluid is lower in concentration than that of whole venous blood. 





TABLE I. 


Composition of Normal Aqueous Humor of Dog. 








No. of 


























Low. High. Average. specimens 
Refractive index.................. 1.33478 | 1.33532 | 1.33504 34 
vols. per cent\vols. per cent|rols. per cen! 
Carbon dioxide..................:. 58.3 62.5 60.2 10 
mg. per mg. per mg. per 
100 ce. 100 ce. 100 cc. 
Sodium chloride...................| 540 676 617 35 
Inorganic sulfate as S............. 0.24 0.50 0.35 15 
- phosphate as P,O;......| 0.83 | 1.5 | 1.1 15 
Mei resseonseeiend ae tt a 1.2 18 
Protein ‘‘ ae 25 | 15 16 
Non-protein N. Ricee-aaeseeatars en | 32 40 24 24 
Ta u | 6 | 2.2 16 
IN TE sien ses ccanansvesce 8 10.3 9 14 
I io cinta aekie wane ewan | 1 1.9 1.7 23 
TABLE II, 
Analysis of Aqueous Humor under General Anesthesia, 
Determination. Anesthesia. | Duration in hrs. | No. of analyses. 
Refractive index. | 
1.33533 | Ether. } | 7 
1.33524 “ | 1 9 
1.33513 “s 2 1 
1.33506 | Amytal, | 1 6 
| | 
Creatinine, mg. per 100 | 
ce. 
1.4 | Ether, | : | 2 
1.4 “ | 1 | 3 
| | 
Sodium chloride, mg. | 
per 100 cc. 
607 Ether. 4 | 1 
631 " 1 3 
624 Amytal. 1 5 
613 ” 2 2 
| 
Glucose, mg. per 100 cc. | 
Before. After. | 
74 141 | Ether. 4 4 
75 161 ” 1 3 
87 Amytal. 1 4 
77 ” 2 2 
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TABLE III. 
Total Nitrogen, Non-Protein Nitrogen, and Protein Nitrogen Content of 
Aqueous Humor of Dogs under Ether Anesthesia, 





Volume , | 
a? ae Total |Non-pro-| Protein ; 
Dog No. | aqueous N. | teinN.| N. | Remarks. 


| humor. | 








ae mg. per mg. per | mg. per | 
| ‘ 100 cc. | 100cc. | 100 cc. 


395 0.6 32 16 16 | 1 hr. 45 min. anesthesia. Marked 
conjestion and mild edema of 

conjunctiva. 
396 0.6 44 29 | 15 | 55 min. anesthesia. Marked con- 
| | gestion and mild edema of con- 

junctiva. 

45 min. anesthesia. Eyes pro- 
tected. Noedema or congestion. 
| 2 hrs. 15min. anesthesia. Marked 
congestion. Severe edema of 


307 | 0.6 | 28 | 22 6 | 
| 
| 

| | conjunctiva. 








398 06 | 37 | 19 | 18 


399 06; 2 | 17 11 | 30 min. anesthesia. Slight edema 
and congestion of conjunctiva. 



























































TABLE IV. 
Comparison of Constituents of Blood, Spinal Fluid, and Aqueous Humor. 
Duration 
Roe | rid, | eegetive} Crsatt| ac | Ta! | protein | Prin | amytat 
Bla. 
100 cc. | 100¢c. | 100cc.| 100cc. | ‘100ec. | ™® 
522 | Aqueous. 1.33513 643 
Blood. 635 | 2 
Spinal fluid. | 1.33513 451 
565 | Aqueous. 1.33487} 1.3 | 595 | 49 34 15 
| Blood. 1.4/ 618 | 42 | 1 
___| Spinal fluid. | 1.33498) 1.3 | 463) 45 | 32 | 13 
566 | Aqueous. 1.33514] 1.1} 635| 43 | 32 | 11 
| Blood. 1.1] 627) | 40 
Spinal fluid. | 1.33508} 1.2! 461| 46 | 36 | 10 
567 | Aqueous. 1.33492} 1.1| 618/ 39 | 31 | 8 
Blood. 1.1| 621 41 | 1 
___| Spinal fluid. | 1.33494) 1.1] 492) 37 | 30 | 7 | 
569 | Aqueous. 1.33516] 1.3| 632; 35 | 2 | 6 | : 
Blood. 1.5 | 607 34 | 1 
___| Spinal fluid. | 1.33512) 1.1] 508| 36 | 29 | 7 
570 | Aqueous. 1.33514) 1.2| 643| 41 | 34 | 7 | 
Blood. 1.3 | 643 37 1 
Spinal fluid. | 1.33519] 1.3| 595| 43 | 36 7 
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The analyses of the aqueous humor of eyes irritated by the 
exposure of the conjunctiva and cornea to the ether vapor indi- 
cate that there is an influx of serous exudation into the anterior 
chamber of the eye. The refractive index is increased, but not in 
proportion to the concentration of protein (Table II). For this 
reason the refractometric method of the estimation of the protein 
in fluids is not applicable to aqueous humor. The glucose content 
is marked by an increase in the eye fluids during ether anesthesia. 

The tables show a similarity of the values to those obtained by 
Duke-Elder (6), Mestrezat and Magitot (4), and Cohen, Killian, 
and Metzger (15) for the aqueous humor of the ox, pig, and horse 
and to those reported by Duke-Elder (6) for the special fluid 
and the dialysates of blood serum. The sodium chloride content 
is lower than that observed by Gala (2), Lehmann and Meesmann 
(5), and Mestrezat and Magitot (4). 

It is obviously impossible to make other than general com- 
parisons with the data which are in the literature. 


SUMMARY. 


The refractive index of normal aqueous humor taken from the 
eye of the dog under cocaine anesthesia showed a range of values 
from 1.33478 to 1.33532. The sodium chloride varied from 540 
to 676 mg., the inorganic sulfate as sulfur from 0.24 to 0.50 mg., 
the inorganic phosphates as P,O; from 0.83 to 1.5 mg., the carbon 
dioxide from 58.4 to 62.5 volumes per cent, the total nitrogen from 
27 to 55 mg., the protein nitrogen from 5 to 26 mg., the non- 
protein nitrogen from 12 to 40 mg., the urea nitrogen from 11 to 
15 mg., the amino acid nitrogen from 8.2 to 10.3 mg., and the 
creatinine from 1.0 to 1.9 mg. per 100 cc. of aqueous humor. 

Amytal anesthesia produced no change in the concentration of 
the creatinine, glucose, sodium chloride, total nitrogen, protein 
nitrogen, non-protein nitrogen or refractive index of the aqueous 
humor of the dog. Ether anesthesia caused no variation in the 
amount of creatinine, protein nitrogen, and non-protein nitrogen. 
The refractive index was slightly, and the glucose content was 
greatly increased. Local irritation of the eye by ether vapor 
resulted in an increase of refractive index and protein. The 
analysis of aqueous humor, spinal fluid, and whole venous blood 
of the dog under amytal anesthesia showed the concentration of 
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the sodium chloride was lowest in amount in the spinal fluid and 
the non-protein nitrogen content was the greatest in the whole 
venous blood. 


_ 


RF OoOD ON OOP Whe 


We are indebted to Doctors N. B. Berman, H. H. Goldstein, 
W. 


W. Bunnell, and P. Fiskio for their assistance on this problem. 
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That copper is an active factor in hemoglobin production in the 
rat has, apparently, been demonstrated by Steenbock, Hart, and 
associates (1), and by McHargue, Healy, and Hill (2). McHargue 
(3) found more copper in calf liver than in ox liver, while Lindow, 
Peterson, and Steenbock (4) observed in the whole new born rat 
a higher percentage of copper than in rats at any other age. 
Bodansky (5) has shown that the human fetal brain is higher in 
copper than is the adult brain. The data presented in this paper 
indicate that the human infant may store copper also in the liver. 

Few analyses of the copper content of infant livers have been 
published. Yagi (6) reported, for a 1 year cid infant, a copper 
content of 28.0 mg. per kilo of fresh organ. Flinn and von Glahn 
(7) cite a case 9 months old with 3.92 mg., and van Itallie and van 
Eck (8) four cases, ranging in age from birth to 3 months, with an 
average of 20.9 mg. per kilo of fresh tissue. The livers of nine 
children (3 to 12 years) reported by Yagi (6), van Itallie and van 
Eck (8), Kielholz (9), Schénheimer and Oshima (10), and Flinn 
and von Glahn (7), contained an average of 9.03 mg. of copper 
per kilo of fresh tissue. 

Data on the copper content of adult livers are considerably 
more abundant. The results of the analyses of 75 adult livers 
by Yagi (6), Lehmann (11), Kielholz (9), van Itallie and van 
Eck (8), Schénheimer and Oshima (10), and Flinn and von Glahn 
(7) are summarized in Table I. A few other cases reported in the 
literature have not been included as the data were insufficient 
for comparative purposes. 

Very recently Kleinmann and Klinke (12) have published an- 
alyses of the livers of fifteen infants, ranging in age from birth to 
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2 years. They find an average of 228.1 mg. of copper per kilo of 
dry tissue. The same authors report for twelve adult livers an 
average of 27.5 mg. of copper per kilo of dry organ. 


EXPERIMENTAL. 


The material analyzed was obtained from cases which were 
presented for necropsy in the Laboratory of Clinical Pathology. 
The bodies were received from the hospital and placed in the refri- 
gerator until necropsy was performed. None of the cases was 
embalmed. As soon as possible after the livers were removed the 


























TABLE I. 
Summary of Analyses from Literature of Copper Content of Adult Livers. 
4 | , Lowest 
Author. Soest | Stace | C8 PGiaeac, ee | and hiahoe 
| | 
| | yrs. | mg. mg. per kg. 
POR iicccsecssscscesscect | @ | 33-45 3.88 2.5 — 5.0 
ick sstasktinnenwisn sine | 13 | 20-66 | 9.58 6.5 -17.5 
Kielholz.......-00000ecece-) 4 | 9496) 2.7 | 1.52- 3.75 
Van Itallie and van Eck.......| 18 | 21-86 | 8.32 3.2 -17.5 
Schénheimer and Oshima...... | 16 | 24-74] 2.63 1.33- 3.92 
Flinn and von Glahn......... | 20 | 25-73 | 4.84 | 2.30-12. 42 
RR eS 75 | 20-86 | 5.86 Average.| 1.33-17.5 





gallbladders were excised and discarded. The livers were then 
weighed, cut into small pieces, and placed in Kjeldahl flasks of 
suitable size. Organic matter was destroyed by digestion with a 
mixture of nitric and sulfuric acids. The acidity of this solution 
was adjusted, the iron reduced, and the copper precipitated as the 
sulfide. This precipitate was dissolved in nitric acid and made up 
to volume in 100 ce. volumetric flasks. Aliquots of this solution 
were analyzed according to the method of Biazzo as modified by 
Elvehjem and Lindow (13). All reagents, including distilled 
water, were tested and found to be free from copper. 


DISCUSSION, 


Results of the analyses of twenty-five infant livers are given in 
Table II and for seven adults in Table III. Of the twenty-five 
infant cases studied seven were of the white, and eighteen of the 











TABLE II. 
Copper Content of Infant Livers. 


























Case No. Sex. Race. | Age. os 4 —_ 
mg. 
1 M. White. Still-born. 13.2 
2 F. Negro. ” 25.0 
3 M. as " 25.1 
4 “ “ “ce ll 8 
5 F, ” * 30.2 
6 M. White. a 31.9 
7 “ Negro. ” 35.8 
8 F. | ” | 27 min. 14.6 
9 ad ” | 2hrs. 29.0 
io | mom | « 10 “ 27.6 
11 | " . 2 days. 48.2 
12 “ “ i 29.3 
13 | F, - 14 “ 57.6 
14 M. White. eS * 9.2 
15 F. Negro. 1 mo. 17.2 
16 | M. White. 2 mos. 19.4 
17 sad ™ = 21.0 
18 | F. Negro. is 19.6 
19 M. ” 3° 32.5 
20 . . | 3 * 31.4 
21* | F. «“ | g « 6.9 
22 M. White. in 14.6 
23 F. Negro. 2 yrs. 20.7 
24 | M. White. ? 11.9 
25 | “ Negro. ? 15.5 
is ace 5 i 58k et Rae ASTRA ERT REOE CR SRES ORS CAgeR 24.0 





* Severe anemia. 


TABLE HI. 
Copper Content of Adult Livers. 




















Cave No. | ~ | Race. - i en 
yrs. mg. 
26 F. Negro. 20 5.0 
27 M. ” 16 3.7 
28 x | . 22 4.0 
29 % | . 37 2.6 
30° : 6 40 2.6 
31 4 . 40 8.5 
32 F. | “ 46 1.6 
I ic odes Soc nebehncer bed eneheenreceneuiiagwdaawn 4.0 





* Anemia. 
481 











482 Copper Content of Infant Livers 


negro, race. The average copper content for the whites is 17.3 
mg. and for the negroes 26.6 mg. per kilo of fresh tissue. From 
the numerous uncontrollable factors in a study of this kind, it is 
impossible to state whether the average difference noted has racial 
significance. Yagi (6) concludes from the results of his analyses 
that the copper content of the liver of the Japanese is greater than 
that of the European. 

Case 21, Table II, is of interest in that this lowest copper value 
for the infants is associated with a severe anemia. With Case 30, 
Table III, of the adult series, we again have a low copper content 
associated with anemia. 

From our studies, the average copper content of infant liver is 
6 times that of the adult. Kleinmann and Klinke (12) find a 
ratio of approximately 8:1 on the basis of dried liver weight. 
When we consider that the water content of the liver is larger in 
the infant than in the adult our ratio is correspondingly increased. 


SUMMARY. 


Analyses of the livers of twenty-five infants gave an average of 
24.0 mg. of copper per kilo of fresh tissue or 6 times the average 
value for seven adults. 

The highest value for an adult was lower than any of the values 
for the infants, with the exception of one infant case with severe 
anemia. 


The authors wish to thank Dr. H. C. Schmeisser and Dr. I. H. 
Jones for assistance in securing the autopsy material used in this 
investigation. 
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CHEMISTRY OF THE TUBERCLE BACILLUS. 


I. ANALYSIS OF BACILLUS CALMETTE-GUERIN (BCG). 
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Trudeau, New York.) 
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The tubercle bacillus, since its isolation by Koch in 1882, has 
been more intensively studied chemically than any other micro- 
organism. Its high lipid content and ability to ferm tuberculin 
have each served as starting points for numerous investigations, 
while the hope of extracting some substance which might be of 
therapeutic or diagnostic importance has been a stimulus to many 
workers. 

The experimental work prior to 1900 has been reviewed by 
Jolles (1), and that from 1900 to 1923 by Wells, DeWitt, and Long 
(2). The later experiments have been amply summarized by the 
more recent investigators. 

Much of the earlier work has been repeated by investigators 
who have applied modern and improved methods to the problem 
of extracting various fractions from tubercle bacilli. So far, these 
investigators have confined their efforts largely to the human 
Strain H-37 cultivated on a synthetic medium. 

The dissociation of Bacillus tuberculosis into virulent S and 
avirulent R types by Petroff (3) changed the aspect of all bac- 
teriological as well as chemical problems dealing with that organ- 
ism. The difference in topography and other physical properties 
of the two types coupled with their difference in pathogenicity, 
suggested the possibility of chemical differences in their constit- 
uents. From this it would follow that the predominance of either 
type of organism in a given culture, would influence the outcome of 
an experiment. 

It was with the idea of demonstrating differences between these 
two types by chemical means that the following work was under- 
taken. 
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EXPERIMENTAL. 


Culture.—The culture employed in this experiment was obtained 
from the Pasteur Institute, in 1927, and dissociated by Dr. Petroff 
the same year into R and S types. The two types of apparently 
pure colonies were then cultivated on Sauton’s medium of pH 
6.4 for a period of 31 to 36 days, after which the bacilli were re- 
moved by filtration, washed, and dried to constant weight in 
vacuo over sulfuric acid. The average yield of organisms was 1.1 
gm. of the R and 0.9 gm. of the 8S type for 100 ce. of culture me- 
dium. The reaction of the medium after growth was pH 7.8 and 
pH 5.6 for the R and §S strains respectively. 


TABLE I. 
Distribution of Fractions in 50 Gm. of BCG. 














| R type. S type. 

gm. gm. 

Ether-soluble lipid... ; Pee 11.7 5.8 
Water-soluble acetic acid-insoluble protein. ea 0.11 0.08 

ai sodium hydroxide-insoluble pro- 

ON ad Oe oc aceceae nied ana cab uwaake asa G-ia 0.25 0.07 

5 per cent sodium chloride-soluble.............. 0.008 0.30 
0.5 per cent sodium hydroxide-soluble.......... 0.85 3.78 
I co pccca aun encneaansecomeannaGe seed ens 0.64 2.81 
Dialysis precipitate from carbohydrate......... 0.09 0.46 
Insoluble material from carbohydrate........... 0.16 0.09 
CI cu sanapekessnsewesenwessesknans 5.33 4.85 
Pooled soluble residue.....................00008 1.08 1.39 





The virulence of the two types of bacilli was tested at the time 
of harvesting by animal inoculation. Animals receiving R type 
organisms always remained well, while those inoculated with the 
S type died of generalized tuberculosis. 

The procedure employed for isolating the lipid, water-soluble, 
sodium chloride-soluble, and 0.5 per cent sodium hydroxide- 
soluble fractions was essentially that of Coghill (4) modified to 
meet the requirements of the experiment. 

In a preliminary study with pulverized bacilli, difficulty was 
experienced in obtaining clear extracts from the S type by centri- 
fugalization or filtration. To obviate that difficulty in this ex- 
periment all extractions were made successively from a single unit 
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of 50 gm. of intact bacilli and continued as long as the fraction 
sought appeared in the extract. 

Ether Extraction—The bacilli were extracted twenty-five times 
at room temperature with 300 cc. portions of ether (distilled over 
sodium) during 73 days. 

The extractions were interrupted after the fifteenth and a series 
of six water extractions were made with the hope that the resulting 
loss of water-soluble material would facilitate the removal of the 
remaining lipid. 

The combined ether extracts were filtered through a Berkefeld 
filter (N), evaporated at 30° under diminished pressure to a small 
volume, and to incipient dryness on the hot plate. The final yield 
of lipid, after drying to constant weight in vacuo, was 11.7 gm. 
from the R and 5.8 gm. from the § bacilli. 

Water Extraction.—The residues from the ether extraction were 
extracted ten times during 40 days with water containing a little 
toluene. The combined R extract when centrifugalized at high 
speed for } hour gave a slightly turbid solution whereas the S ex- 
tract was still turbid after continuous centrifugalization for 2 
weeks. After two filtrations through a Berkefeld filter (N), both 
extracts were adjusted to pH 6.8 and concentrated under di- 
minished pressure to a volume of 400 cc. The R extract was a 
brownish yellow, faintly fluorescent solution; the S extract was 
less chromogenic but more fluorescent. 

The protein was precipitated from these solutions with acetic 
acid and purified by two additional precipitations from alkaline 
solutions followed by two washings with alcohol and ether. This 
fraction, when dried in vacuo over sulfuric acid, was a nearly white 
powder yielding 0.11 gm. for the R and 0.08 gm. for the 8 bacilli. 

An alkali-insoluble fraction was obtained from the acetic acid 
filtrate by the addition of sodium hydroxide. This fraction was a 
nearly white powder of which 0.25 gm. was recovered from the 
R and 0.07 gm. from the § filtrates. 

5 Per Cent NaCl Extraction —Extraction of the R bacillary 
residue with 5 per cent sodium chloride was accomplished by two 
treatments extending over a period of 7 days whereas four treat- 
ments, each of 3 days duration, were required to complete the S 
extraction. 

The filtered R extract was a clear colorless solution which yielded 
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upon precipitation with acetic acid 0.008 gm. of protein resembling 
the water-soluble fraction. Addition of acetic acid to the slightly 
opalescent S filtrate caused it to become very turbid and prolonged 
centrifugalization threw down a greenish somewhat gummy pre- 
cipitate. Although this dissolved readily in dilute sodium hy- 
droxide and became turbid with the addition of acetic acid, no 
precipitation took place on standing overnight and very little on 
prolonged centrifugalization. 

Inasmuch as this substance was initially precipitated by acetic 
acid, and on attempts at reprecipitation gave a turbidity, thereby 
indicating its relationship to the acid-insoluble fraction, it was con- 
sidered justifiable to recover it by other means and include it in 
this fraction. Accordingly, it was precipitated with 5 volumes of 
95 per cent ethyl alcohol and purified by two further alcohol pre- 
cipitations from alkaline solution. The final product was a white 
powder weighing 0.30 gm. Although it bore a resemblance to the 
carbohydrate fraction, it gave a very weak Molisch test. 

0.5 Per Cent NaOH Extraction.—After the last saline extraction, 
the residues were washed with water and extracted nine times, 
during 25 days, with 0.5 per cent sodium hydroxide. 

The R extract, after recentrifugalization and two filtrations 
through a Berkefeld filter (N), gave a clear, light brown solution. 
The S extract was still turbid after continuous centrifugalization 
for 8 days and filtration through the Berkefeld filter requiring 6 
days and necessitating a great loss of material. On second filtra- 
tion, a clear solution a little more chromogenic than the R extract 
was obtained. 

The acetic acid-insoluble material from these extracts was a 
faintly buff-colored powder of which 0.85 gm. were obtained from 
the R bacilli and 3.8 gm. from the S type. 

Glycogen.—The residues from the 0.5 per cent sodium hydroxide 
treatment were extracted three times for 4 hour periods with 5 
per cent sodium hydroxide as described by Johnson and Brown 
(5) and the acetic acid supernatant solution filtered through a 
Berkefeld filter. 

These extracts when combined with all previously obtained 
acetic acid filtrates, adjusted to pH 6.8, and concentrated at 45° 
to a volume of 800 cc., yielded a small amount of precipitate due to 
the concentration of salts. The R fraction weighed 0.12 gm.; the 
S fraction was lost due to a broken centrifuge tube. 
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The concentrated filtrates were treated with hydrochloric acid 
and alcohol (6) and the precipitate dissolved in dilute alkali. The 
nucleic acid was separated and discarded and the remaining 
glycogen-like precipitate purified by the method of Levene (7). 
The yield of R and § fraction was 0.642 gm. and 2.810 gm. re- 
spectively of a perfectly white powder resembling that described 
by both Levene (7) and Laidlaw and Dudley (8). Both fractions 
gave no tests for proteins but contained a trace of nitrogen and 
phosphorus. The §S fraction, when hydrolyzed with hydrochloric 
acid, produced reducing substances equivalent to 98.1 per cent of 
glycogen, gave a negative reaction with Tollen’s reagent and 
yielded an osazone identical in appearance to glucosazone. 

Carbohydrate.—The filtrate from the last fraction was concen- 
trated at 40°, dialyzed, and further concentrated to a volume of 
200 cc. This caused the formation of a small amount of precip- 
itate, the R fraction of which weighed 0.09 gm. and the S frac- 
tion 0.46 gm. 

The carbohydrate was precipitated by the method of Mueller 
(9), dissolved in 60 ec. of water, and freed from a small amount of 
suspended matter which was insoluble in sodium hydroxide, acetic 
acid, and hydrochloric acid. The R fraction of this substance 
weighed 0.16 gm. and the 8 fraction 0.09 gm. The carbohydrate 
was again precipitated with alcohol as a practically white powder 
when in the finely divided state, but as a brown gum when com- 
pressed into clumps. The yield from the R bacilli was 5.33 gm. 
and from the S fraction 4.85 gm. 

Portions of these two fractions, further purified by two addi- 
tional precipitations with alcohol, still gave faintly positive biuret 
reactions but no other tests for proteins. Hydrolysis with hydro- 
chloric acid produced reducing substances equivalent to 47.0 and 
48.3 per cent glucose for the Rand S fractions. Both hydrolysates 
gave positive reactions with Tollen’s reagent and produced at 
least two unidentified crystalline osazones. 

Pooled Soluble Residue-—The filtrates from the carbohydrate 
precipitations were combined with all alcohol washings and the 
alcohol removed by distillation. The concentrated solution was 
dialyzed salt-free, filtered through a Berkefeld filter (N), concen- 
trated on the water bath at 50°, and evaporated to dryness in a 
vacuum desiccator over sulfuric acid. Both R and § fractions 
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formed dark brown, glistening deposits which weighed 1.08 gm. 
and 1.39 gm. respectively. 
The distribution of the various fractions is shown in Table I. 


DISCUSSION. 


An attempt has been made to demonstrate by chemical analysis 
differences in the composition of R and S types of BCG. At the 
beginning of the experiment, it was hoped that the results might 
be capable of quantitative interpretation, but as the work pro- 
gressed and the many difficulties in extraction and manipulation 
were encountered, it was realized that the figures obtained would 
have more of a relative significance. 

Throughout the experiment, beginning with the planting of the 
bacilli, every effort was made to keep all subsequent procedures 
identical for both types of bacilli. In this manner, although one 
type might break down more easily than the other and for that 
reason yield more readily to extraction, the differences observed 
would be based on the same initial treatment. This would at 
least demonstrate differences in behavior of the two types to the 
same chemical influences although the quantitative yield of frac- 
tion would not, due to the difficulties previously mentioned and 
to losses necessitated by manipulation of highly colloidal solutions 
(with special reference to the S type) represent the true amount 
of fraction present in the bacilli. 

In spite of the reservations with which these results must be 
interpreted, several outstanding differences between the two types 
have been demonstrated. A great difference in physical proper- 
ties was seen in the manner in which the two types sedimented 
on centrifugalization. All S extracts were markedly more col- 
loidal than the corresponding R extracts. The differences between 
the lipid content, sodium chloride-soluble fraction, 0.5 per cent 
sodium hydroxide-soluble fraction, and the glycogen-like fraction 
of the two types are too great to be without significance. 


SUMMARY. 


1. Under identical chemical treatment, the R or avirulent type 
produced more lipid than the S or virulent type. 

2. The S type gave a greater amount of material, soluble in 
aqueous inorganic solvents, than the R type. 
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3. From the above data it is evident that the predominance of 
either type of organism is a factor which must be taken into con- 
sideration when dealing with chemical problems involving bacteria. 
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CHEMISTRY OF THE TUBERCLE BACILLUS. 


II. ANALYSIS OF THE MEDIUM WHICH PRODUCED FIFTY 
GRAMS OF R AND S TYPE OF BACILLUS CALMETTE- 
GUERIN (BCG). 


By FRANK B. COOPER. 


(From the Research and Clinical Laboratory of the Trudeau Sanatorium, 
Trudeau, New York.) 


(Received for publication, May 19, 1930.) 


During recent years the tubercle bacillus, cultivated on some 
type of protein-free synthetic medium, has been subjected to a 
program of intensive chemical investigation while comparatively 
few workers (1-5) have shown an interest in the contents of the 
medium after growth. From the difficulties encountered in the 
extraction and manipulation of suspensions of bacilli, it would 
seem that the medium, in spite of its relatively low protein content, 
offered a very attractive field for study. 

In the preceding paper, differences in the amounts of various 
fractions extracted from R and S types of BCG were reported and 
the differences with which the two reacted to the same chemical 
treatment were emphasized. These differences, inherent in the 
bacilli, should also be manifested by the products of their metabo- 
lism and an analysis of. the medium on which they grew should 
confirm this anticipation. 


EXPERIMENTAL. 


The medium which produced the 50 gm. of bacilli reported in 
the preceding paper gave, after filtration, dark straw-colored 
slightly fluorescent solutions which were identical in appearance 
for both types of bacilli. The aqueous washings from the bacilli 
were combined with their respective filtrates and the whole 
filtered through a Berkefeld filter, adjusted to pH 6.6, concentrated 
at 45-50° to approximately 0.1 of their original volume, sterilized 
at 60° for } hour, and stored in the ice box. 
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The concentrated filtrates were shaken to suspend the small 
amount of sediment which had formed on standing, 8 volumes of 
95 per cent ethyl alcohol (redistilled over sodium hydroxide) were 
added, and the precipitate removed by centrifugalization. This 
procedure was so arranged that the total time of contact with al- 
cohol never exceeded } hour. 

At this point the characteristic odor of Old Tuberculin was 
noticed in the alcoholic R supernatant solutions but not in those 
from the S organisms. 

The alcohol precipitate was suspended in water, dialyzed, and 
the portion which remained insoluble after dialysis extracted with 
water, 5 per cent sodium chloride, and 0.5 per cent sodium hydrox- 
ide in a manner similar to that employed in treating the bacilli. 








TABLE I. 
Distribution of Fractions in the Medium Which Produced 50 Gm. of BCG. 

R type. S type. 

gm. gm. 

I inn nt wand wadiedecanes ems oud 0.06 0.08 
5 per cent sodium chloride-soluble.............. 0.001 0.001 
0.5 per cent sodium hydroxide-soluble.......... 0.08 0.37 
ND caer s ts hekulea as ma seennwes 0.11 0.10 
ses material from glycogen............... 0.00 0.21 
aos wearer aed ser aan coman ieee saeees 0.04 0.84 
CR Si cacus sca ubeeewabeecauaracen ks 0.16 1.31 
i TTT Te eee 0.90 3.53 











Water Extraction.—The dialysate and aqueous extract were com- 
bined giving yellowish brown R and greenish yellow, slightly fluor- 
escent S solutions from which the protein was removed with acetic 
acid as described in the preceding paper. The yield of R and S$ 
fraction was 0.06 and 0.08 gm. respectively of a white powder. 

5 Per Cent NaCl Extraction.—The sodium chloride extracts were 
colorless solutions from which 0.001 gm. of R and S type material 
was obtained as a nearly white powder. 

0.5 Per Cent NaOH Extraction.—These extracts were amber- 
colored solutions which yielded 0.08 and 0.37 gm. of R and S 
fraction resembling the corresponding fraction isolated from the 
bacilli. 

Insoluble Residue-—The insoluble R and § residues from the 
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last extraction were light gray powders weighing 0.11 and 0.10 
gm. respectively. 

Glycogen.—The acetic acid filtrates from all fractions were com- 
bined, adjusted to pH 6.8, and concentrated at 45° to a volume of 
140 cc. The small amount of R precipitate which formed during 
the last stages of the concentrating was too small in amount to 
harvest; the S precipitate weighed 0.21 gm. 

The concentrated filtrates were treated in the same manner as 
the corresponding ones obtained from the bacilli and yielded 0.04 
gm. of R type and 0.84 gm. of S material which resembled the 
glycogen-like fraction of the bacilli and gave faintly positive biuret 
reactions but no other tests for proteins. 

Carbohydrate-—The filtrates from the glycogen-like fraction 
were adjusted to pH 6.9 and the carbohydrate fraction isolated 
and purified as described in the preceding paper. The yield of R 
and § fraction was 0.16 and 1.31 gm. respectively of a slightly 
buff-colored powder which gave a faintly positive biuret reaction. 
On hydrolysis, the R and S fractions yielded reducing substances 
equivalent to 53.6 and 50.8 per cent of glucose. 

Pooled Soluble Residue.—All alcohol supernatant solutions and 
washings were concentrated by distillation to a volume of 450 cc., 
evaporated to 140 cc., dialyzed salt-free, and taken to dryness 
in vacuo over sulfuric acid. The end-product was a brownish 
black gum, the R fraction of which weighed 0.90 gm. and had the 
characteristic odor of Old Tuberculin. The 8 fraction weighed 
3.53 gm. and did not have this odor. 

The distribution of the various fractions in the medium is shown 
in Table I. 


DISCUSSION. 


Differences in the amounts of various soluble substances, elabo- 
rated by R and S types of BCG in culture medium during growth, 
have been demonstrated. 

Marked differences are seen in the yields of 0.5 per cent sodium 
hydroxide-soluble, glycogen and carbohydrate fractions. 

In the preceding experiment, a greater yield of soluble constit- 
uents, other than lipid, was obtained from the S type of organism. 
The medium on which the S type grew also gave a greater amount 
of these substances. 
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SUMMARY. 


An analysis of the medium on which identical amounts of 
apparently pure types of BCG were cultivated shows that the S 
type in the course of its metabolism elaborates a greater amount 
of soluble substances than the R type. 
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A MICRO COLORIMETRIC METHOD FOR THE QUAN- 
TITATIVE ESTIMATION OF IODINE IN BLOOD. 


By R. G. TURNER. 


(From the Department of Medical Research, Detroit College of Medicine and 
Surgery, Detroit.) 


(Received for publication, June 14, 1930.) 


The study of the iodine content of human blood and its relation 
to disease has been delayed because of the lack of suitable methods 
for its estimation in small quantities of blood. A method accurate 
enough and suitable for clinical investigation may prove of value 
in the early diagnosis of goiter or make clear the relationship of 
thyroid activity in other diseased conditions. 


Various investigators have reported on methods for the estimation of 
iodine in air, food, water, vegetables, tissue, and blood. Chatin (1) in 1851 
used the method of Rabourdin (2) and established the presence of iodine in 
air. Rabourdin’s method depends on converting the iodine to potassium 
iodide, setting it free with nitrous acid, and extracting with carbon di- 
sulfide. Detection was possible in solutions containing 1 part per million 
of iodine. A year later Grange (3) showed that the starch-iodide reaction 
could be used in solutions containing 5 parts per million; this later became 
the basis for the titration method. 

In 1913 Blum and Griitzner (4) contributed a method for the estimation 
of iodine in blood. The principle involved combustion of the organic mat- 
ter by their barium superoxide method, oxidation of iodide to iodate by 
permanganate, and titration with 0.01 n thiosulfate. The determination 
required 200 cc. of blood. 

Kendall and Richardson (5) in 1920 developed a similar method for the 
detection of iodine in blood and animal tissue. They oxidized iodide to 
iodate quantitatively by the action of bromine or chlorine. The iodine is 
liberated by an excess of potassium iodide. This reaction produces 6 times 
the amount of iodine originally present. The liberated iodine was then 
titrated with 0.005 n thiosulfate. The average iodine content of human 
blood was found to be 0.013 mg. per 100 cc. 100 cc. of blood were required 
for determination. 

Stieglitz (6) in 1923 precipitated iodine as palladous iodide (PdI.) and 
used this reaction for microchemical detection of iodine in tissues. 
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A year later Kelly and Husband (7) modified the method of Kendall, 
giving the lower limit for their method as 0.005 mg. of iodine. 

Von Fellenberg (8) published a method for the estimation of small quan- 
tities of iodine. It involves both colorimetric and titrimetric technique. 
The colorimetric estimation consists of shaking out the liberated iodine with 
0.01 ce. of chloroform. With the use of a special magnifying colorimeter 
the color was matched against a known standard. The colorimetric re- 
sults were checked by titration with 0.02 N thiosulfate. The lower limit for 
this method is given as 0.001 mg. of iodine. Veil and Sturm (9) used this 
method for the estimation of iodine in 10 cc. of blood. They report for 
human blood an average of 12.8 y per cent (1 y is 0.001 mg.) during summer 
months and 8.3 y per cent for winter. 

Leitch and Henderson (10) modified the method of von Fellenberg by 
eliminating the colorimetric method and concentrating on the titrimetric 
method. Titration is made with a0.1 cc. pipette and requires the accuracy 
of titrating to 0.002 cc. with 0.02 n thiosulfate. This corresponds to 0.08 
iodine. 

Maurer (11) published a method in 1927 for the micro estimation of iodine 
in blood which he based on the von Fellenberg method. 15 cc. of blood are 
required. He found the iodine content of venous blood to be 9.2 y per 
cent. 

The following year McClendon (12) introduced his oxygen combustion 
method for ashing organic material, the use of the Cottrell precipitator in 
recovering iodine, and his colorimetric method for the estimation of small 
traces of this element. Colors were matched in a micro colorimeter after 
shaking out the iodine with 1 cc. of carbon tetrachloride. Accurate results 
by this method required the presence of 0.01 mg. of iodine, though the limit 
that may be determined was 0.001 mg. 

Attempts were made to determine the iodine content in 10 cc. of blood 
by the methods of Maurer and Leitch and Henderson. Both methods 
presented difficulties. Considerable skill is required to titrate accurately 
to 0.002 ce. Even on known solutions containing 0.001 mg. of iodine con- 
sistent results were not obtained by the titration method. The author 
finds that the color produced by 0.001 mg. of iodine in 0.01 cc. of carbon 
tetrachloride or chloroform is not detectable by the naked eye. With the 
use of a magnifying glass distinct differentiation could not always be made 
between 0.001 and 0.002 mg. of iodine. In order to estimate quantitatively 
the iodine content in amounts of blood as small as 10 cc. it is necessary that 
the method be accurate enough to detect a difference of at least 0.0002 mg. 
Loss of iodine in ashing and extraction for its final estimation must be re- 
garded as the source for greatest error. If the method used for determin- 
ing the iodine extracted is not sensitive within the above limit, the total 
error will be such that the method cannot be relied upon. 

Blum (13) criticized the colorimetric method of von Fellenberg and the 
titration method as used by Veil and Sturm. They have shown by ex- 
periment that the difference in color produced in 0.01 cc. of chloroform be- 
tween 0.0005 and 0.001 mg. of iodine is not sufficient to be detected even 
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by the aid of a magnifying glass. Further they state that the color pro- 
duced is not stable and that the von Fellenberg standard decolorizes on 
standing. Regarding the titration method, they state that the titration 
ability of dilute thiosulfate solution begins at 0.004 mg. of iodine and that 
amounts below this are not detectable. For these reasons they advise 
their method (1913) which requires the use of 200 cc. of blood. 


Owing to the uncertainties and difficulties encountered in the 
methods thus far described for the micro estimation of iodine in 
blood, a new method is presented which is believed to be more ac- 
curate and is carried out with less technical ability. The estima- 
tion of the iodine is based on the color comparison of the starch- 
iodide reaction, applied after oxidation of iodide to iodate and the 
liberation of the iodine by an excess of potassium iodide. The 
depth of color produced in this method by 0.001 mg. of iodine in a 
volume of 1 ce. is sufficient to be read accurately and easily in a 
micro colorimeter. The actual amount of iodine liberated to 
produce the color is 6 times the amount originally present. The 
method of ashing the blood and extraction of the iodine for the 
colorimetric estimation is modified considerably from previous 
methods. The method requires simple apparatus and the ashing 
is hastened by means of oxygen combustion in an open dish. 
90 to 95 per cent recovery from blood is obtainable. In mixtures 
of starch and potassium iodide equivalent to the iodine content in 
10 ce. of normal blood only 85 to 90 per cent could be recovered. 
With larger amounts (0.1 mg.) the per cent recovered by titration 
falls to 75 per cent or less. 


Method. 
Reagents. 


4 n solution of potassium carbonate. 
Iodine-free water. 

Saturated solution of potassium sulfate. 

10 per cent solution of barium chloride. 
Absolute alcohol. 

Saturated bromine water. 

2 Nn sulfuric acid. 

1 per cent alcoholic salicylic acid. 

1 per cent solution of potassium iodide. 
Starch solution (prepared after Nichols (14)). 
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Standard potassium iodide solution containing 0.001 mg. of 


iodine per ce. 
Potassium oxalate, anticoagulant. 


Preparation and Purification of Reagents. 


All chemicals used must be tested for traces of iodine and the re- 
agents must be made up with iodine-free water. 

Barium chloride, salicylic acid, potassium oxalate, and sul- 
furic acid were found to be iodine-free. Carbonates and sulfates 
are freed from iodine by shaking with alcohol and recrystallizing 
from water. Starch is made iodine-free by successive washing in 
cold water. The solution is prepared as follows: 

Add 0.5 gm. of soluble potato starch to 2.5 ee. of cold water and 
mix to form a thin paste. Pour it gradually with constant stirring 
into 200 ee. of water. Boil 15 minutes, stirring continually. Allow 
to cool and add 0.25 gm. of salicylic acid. Stir until the preserva- 
tive is dissolved. Fresh starch solution should be prepared every 
2 weeks. If a good grade of starch is used, the solution will be 
clear and filtration unnecessary. Poor grades of starch may pro- 
duce cloudy solution and filtrates of a faint pink color. 

The potassium iodide used for the standard solution and the 
1 per cent solution must be purified from traces of iodate by re- 
crystallizing from alcohol and finally from iodine-free water. 

Absolute alcoho! if found to contain traces of iodine must be 
redistilled over potassium hydroxide. 

Iodine-free water is made by redistilling distilled water from 
potassium hydroxide. Traps must be used in the distillation to 
guard against contamination by foreign organic material. Dis- 
tilled water may be used if it meets the following test. 

Evaporate 100 ce. of distilled water to dryness, extract with 
absolute alcohol, and proceed as directed in the method for the 
production of the color. If no color is produced it is not necessary 
to redistil. 


Preparation of Standard Potassium Iodide Solution. 


1.3081 gm. of recrystallized potassium iodide are weighed out 
and transferred to a 100 ec. volumetric flask containing 50 ce. of 
purified water. After dissolving, dilute to 100 ce. (0.1 ce. of this 
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solution is equivalent to 1 mg. of iodine). A weak solution is 
made by adding 0.1 ce. of the above solution to a liter volumetric 
flask and diluting to the mark (1 ce. of this solution is equivalent 
to 0.001 mg. of iodine). Accuracy of the weak solution may be 
checked by titrating 200 ce. with a 0.005 n thiosulfate solution 
which has been previously standardized against a 0.005 N solution 
of potassium iodate. 

Take 200 ec. of KI standard, acidify with 2 N sulfurie acid, and 
add saturated bromine water until the solution is colored orange. 
Boil off excess bromine and cool. Add a few salicylic acid erys- 
tals, 2 ee. of starch solution, and an excess of potassium iodide 
erystals. Titrate with 0.005 n thiosulfate. 


Procedure. 


Ashing.—0.5 ee. of 4 N KeCO; solution (sufficient to make blood 
alkaline to litmus) is added to a porcelain evaporating dish with 
a lip (45 ce. capacity). 10 ec. of oxalated blood are introduced 
by means of a Folin blood pipette. The pipette is rinsed with 
iodine-free water. The blood should be mixed well by stirring 
with a small glass rod. The dish with contents is placed in an 
electric oven set at 110° and the water allowed to evaporate from 
the blood. This takes 4 to 5 hours, or the dish may be placed in 
the oven at night and removed in the morning. A crisp, shiny, 
brown film remains. The dish is then heated moderately over a 
Bunsen burner until no more fumes come off and the char takes on 
a black, dull appearance. No more than 15 minutes should be 
required for this. The bottom of the dish must at no time become 
more than a dull red. After cooling, the charred blood is powdered 
with a small porcelain pestle and poured on an open filter paper 
(15 em. diameter). The sides of the dish are scraped with the 
pestle to remove as much of the char as possible. The filter paper 
containing the char is then folded in the manner used by phar- 
macists in putting up powders. Carl Schleicher and Schiill 
filter paper No. 595 has been used for this purpose and found to be 
iodine-free. The folded paper is set aside for oxygen combustion. 

The dish is heated moderately over a Bunsen flame for a minute 
or so to remove any gaseous material that may be present in the 
charred particles adhering to the sides. If gaseous material is 
present small bubbles will be formed on the sides and bottom of 
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the dish. When cool about 5 ec. of iodine-free water are added, 
the pestle being rinsed off at the same time. The sides of the dish 
are scraped with a rubber policeman and the contents filtered 
through a No. 40 Whatman ash-free filter paper, thus removing 
any unburned carbonaceous material to the filter paper. The 
filtrate is caught in a 50 ce. centrifuge tube. The dish is rinsed 
with another 5 ce. portion of water and filtered through the same 
filter. (All pouring operations must be made quantitatively by 
pouring down the side of a glass rod.) The dish is then warmed 
gently to evaporate the last traces of water. The folded filter 
paper containing the powdered char is placed in the dish with the 
folded ends upward. They are ignited with a match and the com- 
bustion of charred blood and paper hastened by the use of oxygen 
gas. This is accomplished by attaching the end of a flexible rub- 
ber tube to a Hoke-Phoenix regulator which is itself securely 
fastened to an oxygen gas tank. The other end of the tube is 
fastened to a short piece of glass tubing (0.5 em. diameter) bent 
at right angles. As soon as the ends of filter paper are burned 
down a steady slow stream of oxygen is allowed to pass through. 
By means of the glass tip it is directed in a to and fro motion along 
the inside wall of the dish. The material then burns as a smoulder- 
ing red mass, burning from the bottom upward. The stream of 
oxygen is so regulated that the pressure is not sufficient to blow 
particles of ash out of the dish. As far as possible the material, 
after the filter paper has burned, should not be allowed to burst 
into flames. A smouldering red heat is sufficient to burn the 
blood within 10 minutes. When cool add 5 ce. of iodine-free wa- 
ter. Scrape the sides of the crucible as before and if necessary use 
a glass rod to loosen all carbonaceous material from the dish. 
Filter through the same filter paper as before. Rinse the dish 
with another 5 cc. portion of water, collecting all filtrates in the 
same 50 ce. centrifuge tube. The filtrate at this time should be 
clear and at the most a light brown color. 

The filter paper with its contents is returned to the original 
evaporating dish and folded. It is dried and ignited by placing 
the dish over a Bunsen flame. As soon as the paper is ignited the 
dish is removed from the flame and the combustion completed 
by the aid of oxygen, as first described. The remaining ash is ex- 
tracted with 5 ec. of water, the same procedure as previously de- 
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scribed being repeated except that solid particles remaining are 
allowed to settle and the liquid decanted into the same 50 ce. 
centrifuge tube by being passed through the funnel without filter 
paper. The dish with remaining particles is heated over a Bunsen 
flame at a high temperature until a clean, gray, reddish ash is 
obtained. Allow this to cool and extract the remaining ash twice 
with 5 ec. portions of water, powdering all solid particles by pres- 
sure with a glass rod. The water extracts are decanted into the 
centrifuge tube containing previous filtrates and washings. The 
decantations may produce a slight cloudiness in the combined 
filtrates. This cloudiness, if there is any, is cleared in the next 
procedure. The volume of combined washings and filtrates must 
not exceed 40 ce. 

Extraction.—To the contents in the 50 cc. centrifuge tube add 
2 cc. of saturated solution of K,SO, and 5 ce. of 10 per cent Bal, 
solution. A white precipitate of BaSO, is formed. Centrifuge 
until the supernatant liquid is clear. It should at the most 
be only a faint yellow color. The supernatant liquid is decanted 
into a 100 cc. beaker. 10 cc. of iodine-free water are added to the 
residue remaining in the centrifuge tube. It is thoroughly stirred 
and loosened from the sides by a small glass rod and centrifuged 
again, the supernatant liquid being decanted in the beaker contain- 
ing the first decantation. Repeat the treatment with another 10 cc. 
portion of water. The contents of the beaker are evaporated to a 
volume of 5 ce. by boiling gently over a Bunsen flame. The 
beaker is placed in the oven at 110° to complete the evaporation. 
The remaining dry residue should be white or only slightly yellow. 
Remove the beaker from the oven, cool, and extract the contents 
with absolute alcohol four times. 3 ce. are used for the first ex- 
traction; the residue is mascerated and freed from the sides of the 
beaker with a porcelain spatula. Decant into a 15 ce. centrifuge 
tube, retaining as much of the residue as possible in the beaker. 
Repeat the same procedure, using 2 cc. of alcohol for the remain- 
ing three extractions. Centrifuge the combined decantations 
until the alcoholic layer is clear and pour into a 10 ce. platinum 
crucible. Ignite the alcohol and allow to burn until the crucible 
isdry. Heat the crucible over a low Bunsen flame with a to and 
fro motion, the crucible being allowed to glow to a bright red 
for a few seconds, then remove from the flame until the redness dis- 
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appears. Repeat this operation until no carbonaceous material 
remains and only a faint white residue is detectable. Cool and 
add 1 ce. of iodine-free water. Then rotate the crucible in a slant- 
ing position for at least ten complete rotations. The water in the 
crucible should come in contact with the entire inside surface. 
Pour into a 15 ec. Pyrex test-tube (125 X 15 mm.) graduated at 
lee. Add another 1 ec. portion of water to the platinum crucible, 
rotate as before, and pour the contents into the same graduated 
test-tube. By bending the top of the crucible together slightly 
these transfers can be made without appreciable loss of liquid. The 
solution is set aside for the colorimetric estimation. It should be 
clear and colorless. 

Colorimetric Estimation.—A standard containing 0.001 mg. of 
iodine is made by adding 1 cc. of standard KI solution from a 
burette to a similar 15 ce. Pyrex test-tube (125 XK 15mm.). 9 ce. 
of absolute alcohol are placed in a 10 ee. platinum dish and burned 
as described for the extraction method. After heating, cool and 
add 1 ee. of water; rotate the crucible and pour the contents into a 
test-tube containing the standard. Oxidation of iodide is carried 
out in both standard and unknown. This is based on the method 
of Leitch and Henderson (10). Add 2 drops (generally sufficient 
to produce acidity) of 2 N H.SO, and 3 drops of freshly prepared 
saturated bromine water. Let stand 4 minute. Evaporate 
to a volume of 0.5 ec. by boiling over a low micro burner flame. 
This must be done cautiously. By holding the tube in a slanting 
position and continually rotating no spitting or loss of liquid takes 
place. While still hot add 1 drop of alcoholic salicylic acid and 
place the tubes in a beaker of cold water. When cooled to room 
temperature add to each tube 5 drops of starch solution and 3 
drops of 1 per cent KI solution and dilute with iodine-free water 
to the 1 ec. mark. Tubes should not be allowed to stand longer 
than 20 minutes after oxidation before the addition of starch and 
KI. A blue color will form immediately if iodine is present. 
Let stand 5 minutes, dilute the unknown, if necessary, to match 
standard, and compare in a micro colorimeter. The standard 
should be set at 20 mm. In the case of very low iodine content 
the standard must be diluted in order to make a comparison. Un- 
necessary delay should be avoided throughout the test. 
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Calculations. 
Reading of standard | 0.006 _ 100 _ dilution of unknown 


Reading of unknown 6 10 dilution of standard 
per 100 ec. blood. 

As values are expressed in gamma per cent the formula may be made 
simpler (1 y is 0.001 mg.). 


20 x 10 X dilution of unknown _ bias 
dilution of standard | y per cent iodine 


For example, with a reading of 15, and with the dilution of the unknown 
to 2 cc. and 10 cc. of blood, the formula is applied as follows: 





= mg. iodine 





0 x 10 x 2 = 26 t 
i5 [* 7 per cen 


By allowing blood samples to evaporate overnight six to eight determina- 
tions may be completed in one day. 


The starch-iodide color produced as given in the method, with 
quantities of iodine such as are present in 10 cc. of normal blood, 
may be read in a micro colorimeter with an accuracy of 1 mm. on 
the scale when compared against a 0.001 mg. standard.’ 

Iodine determinations were made on dog and on human blood. 
The dog blood was obtained by cardiac puncture. Human blood 
was drawn from the cubital vein. The values are given in y per 
cent (1 y represents 0.001 mg.). Of the ten dog blood samples 
examined only one (from Dog 6) showed an iodine content greater 
than 15 y percent. This high value of 39 y per cent may be due 
to the fact that this dog at the time was nursing four young. 
Maurer and Diez (15) as well as Blum and Griitzner (16) have 
shown that the iodine content of blood increases during menstrua- 
tion and pregnancy. If the value for Dog 6 is omitted the average 
iodine content of blood was found to be 11.1 y per cent. 

Known quantities of iodine (0.001 mg.) in the form of KI were 
added to blood from Dogs 4, 5, 6, and 8 in order to estimate the 
per cent of iodine recovered. Duplicate determinations were 
made on the blood of Dog 9. The error in the method as a whole 
may be considered as 10 to 15 per cent in minute quantities of 0.5 
yto5y. The blank determinations given were carried out identi- 
cally with the method for blood except that 10 cc. of iodine-free 


1 Observations on the relative proportionality and stability of the 
starch-iodide reaction are given in J. Am. Chem. Soc. (62, 2768 (1930)). 
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water were substituted in place of blood. The results are recorded 
in Table I. 

The blood findings of nine normal and eleven pathological human 
blood samples are presented in Table II. The average for normal 
human blood, 11 y per cent (0.011 mg. per 100 ce.) is slightly 
lower than that found by Kendail (0.013 mg.). Veil and Sturm 
(9) find the range for normal human blood to be 8 to 12.8 y per 


TABLE I. 
Iodine Found in Dog Blood. 





Iodine added | Todine | Iodine Added 
as KI. 

















Dog No. | Blood taken. recovered. recovered. a..F 
cc. mg. Y y per cent per cent 
1 10 | None. 1.0 10 
2 | 10 ‘“ 0.9 9 | 
3 | 10 " 1.0 10 
4 | 10 | “ 0.9 | 9 
4 10 | 0.001 Ww i 8 89.4 
5 10 | None. 0.9 9 | 
5 10 | 0.001 18 | 18 | 94.0 
6* 10 | None 39 | 39 
6 COC 10 | 0.001 45 | 45 91.0 
7 10 | None 1.1 11 | 
8 10 | 1.2 12 | 
8 10 | 0.002 2.8 28 | 87.5 
9 | 10 | None. 1.6 16 | 
9 | 10 | « | OS {| & | 
10 10 | “ | 22 | & 
0 | ww | “ | 1.4 4 | 
Blank. 0 - 0.0 0 
“ j 








y is 0.001 mg. 
* Lactation period. 


cent. They observed a lower iodine content in winter than in 
summer. Lunde and Closs (17) give normal blood iodine content 
in Oslo as 11 to 16 y per cent. The pathological blood samples 
examined were from cases from the Receiving Hospital and The 
Shurly Hospital. The first three blood samples were obtained 
from patients with exophthalmic goiter and the remaining from 
diabetic cases. The latter were presumably hyperthyroid. De- 
tailed discussion of these results will be given in another paper. 








ed 


an 
al 





R. G. Turner 507 
They are given at this time to show that blood samples high in 
iodine content may readily be distinguished from normal blood 
by the method presented. 


DISCUSSION. 
The use of the starch-iodide reaction for the colorimetric esti- 
mation of iodine has been discouraged because of the numerous 


TABLE II. 
Iodine Content of Human Blood. 

















Normal sample. Pathological sample. 
_ Sample. | Iodine. | Sample. Iodine. 
7 ¥ per cent | y per cent 
Male. Female. 
A 9.0 A 28.0 
B 9.0 B 22.0 
C | 9.0 | C 37.0 
D | 10.0 oD | 23.0 
D | 10.0 | E 54.0 
E 11.0 F 19.0 
Female. | | Mixed, G. | 23.0 
F 13.0 Male. 
G | 12.0 H 38.0 
H* 15.0 I 29.0 
J 31.0 
| | K | 19.0 
Average......... 11.0 | | 





The first three pathological samples were obtained from patients with 
exophthalmic goiter, the remaining from diabetics which were presumably 
hyperthyroid 

* Menstrual period. 


factors which may alter the color production. McClendon (12) 
objects to the titration method because of the ease of oxidation of 
KI. Nichols (14) showed the retarding effect of various salts on 
the sensitivity of starch reagent. Von Fellenberg (18) attempted 
colorimetric determination with the iodine-starch reaction and 
states that in salt solutions it is of little value in quantitative iodine 
determinations since the intensity is not always proportional to 
the iodine content. Treadwell (19) as cited by Nichols has 
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shown that starch paste requires the presence of an alkali iodide 
to prevent the dissociation of the blue iodide starch color. Many 
investigators have experienced the variability in color from that 
of a true blue to that of a violet. Nichols (14) prepared a stabilized 
starch solution which is very sensitive. He eliminates the use of 
salt or chloroform as a preservative and uses instead salicylic 
acid. This contribution has aided greatly toward the success of a 
starch-iodide colorimetric method for minute quantities of iodine. 

Conversion of the iodine to Bal, and extraction with absolute 
alcohol as given in the method eliminates the interfering effect 
of other salts, which is the chief cause for unproportional color 
production with the starch-iodide reaction. Most barium salts 
with the exception of barium hydroxide are insoluble in absolute 
aleohol. For this reason K.CO; is used to produce alkalinity 
during combustion. The alcohol used must not impart a blue 
color to dehydrated CuSO, in 48 hours. 

All glassware must be cleaned with cleaning solution. Traces 
of organic matter or alkali soaps interfere with the reaction. 
The bromine must be freshly prepared once a week and always 
shaken immediately before use to insure complete saturation. 

Ashing of the blood was attempted according to the method of 
Maurer (11) and also in a combustion furnace similar to that 
described by McClendon (12). The use of the Cottrell precipita- 
tor was omitted. McClendon and Remington (20) advised this 
in samples where the content of iodine determined is low. The 
method of Maurer did not prove satisfactory as combustion in 
iron and nickel dishes invariably gave indefinite results because, 
probably, of the catalytic action of iron in the oxidation of KI. 
For this reason porcelain dishes are used as containers for the 
blood during combustion. Platinum-tipped crucible tongs are 
advised. Even the use of nickle dishes alone proved unreliable. 
The oxygen method of McClendon was not successful as it was 
necessary to make three or four combustions before all the organic 
matter was destroyed. Remington, Culp, and von Kolnitz (21) 
found that it was unnecessary to follow this laborious technique. 
They found that 95 per cent of the iodine in sodium iodide when 
added to potatoes could be recovered after simple ignition of or- 
ganic matter in a porcelain dish at a temperature which did not 
exceed 450°. They conclude that organic as well as inorganic 
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iodine is retained by the ash of vegetables when ignited at this 
temperature. It was found that with the aid of oxygen the simple 
igniting method required less time. Without the aid of any out- 
side heat, combustion of charred blood is completed within 10 
minutes. This is an advantage because the temperature at no 
time reaches above 450° and a combustion oven can be eliminated. 
McClendon and coworkers (22) use sulfurous acid to reduce iodates 
and sodium azide to decompose nitrites in their method for the 
estimation of iodine in fats. A number of experiments were 
carried out with sodium bisulfite to reduce iodates but no differ- 
ence could be detected. Its use has been eliminated as traces of 
sulfite if carried through oxidize KI in the presence of acid and 
produce increased color formation. Sodium azide has not been 
tried, though it is believed that nitrites if formed are reduced to 
carbonates in the presence of carbonaceous material. Knopheide 
and Lamb (23) in their method for determination of iodine in 
minerals remark that nitrates in the presence of charcoal are 
mainly reduced to carbonate. 

The combined water extractions of the ash are pigmented a 
light brown or yellow. Precipitated barium sulfate practically 
removes all chromogenic substances without absorption of barium 
iodide. By this procedure a practically pure alcoholic extract of 
Bal, is obtained. 

Precautions have been taken throughout the entire method, 
guarding against loss of iodine through evaporation. Evapora- 
tion of water from the blood by direct flame is difficult without 
loss of material over the side of the crucible. Final evaporation 
and drying of the water extracts are accomplished in an oven at 
110° since loss by spattering is unavoidable when they are at- 
tempted over an open flame or a hot plate. Evaporation on a 
water bath results in condensation of water on the inside of the 
beaker. The material at this stage must be dry, as traces of 
water dissolve other salts. Evaporation of the alcohol extract is 
accomplished by burning the alcohol; other methods tried have 
resulted in loss of iodine. 

In the estimation of so small a quantity of iodine as is present in 
10 ce. of blood (approximately 0.001 mg.) it is believed that titra- 
tion with extreme caution cannot secure as accurate a quantitative 
iodine determination as a colorimetric comparison in a micro- 
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colorimeter with a 0.001 mg. standard. It is hoped that the 
method may be applicable to the detection of iodine in small 
quantities of milk and tissue. 


SUMMARY. 


1. A micro colorimetric method is described for the quantitative 
determination of iodine in small quantities of blood (10 ec.). It 
involves oxygen combustion in an open dish, removal of inter- 
fering substances, oxidation with bromine, and determination of 
the iodine by comparison of the color produced with the starch- 


iodide reaction. 

2. The method is applicable for the detection of minute amounts 
of iodine ranging from 0.0005 mg. to 0.005 mg. with an error of 
10 to 15 per cent. 


This research was carried out at the suggestion of Dr. Burt R. 
Shurly. The author takes pleasure in extending his appreciation 
to Dr. Shurly and Dr. R. M. McKean for their cooperation in giv- 
ing access to hospital patients. The author is also indebted to 
Mr. C. W. Matthew for his aid in collecting blood for examina- 


tion. 


BIBLIOGRAPHY. 


. Chatin, A., Compt. rend. Acad., 32, 669 (1851). 

. Rabourdin, Ann. Chem., 76, 375 (1850). 

. Grange, Compt. rend. Acad., 38, 627 (1851). 

Blum, F., and Griitzner, R., Z. physiol. Chem., 85, 28 (1913). 

. Kendall, E. C., and Richardson, F.S., J. Biol. Chem., 43, 149 (1920). 

. Stieglitz, E. J., J. Pharmacol. and Exp. Therap., 22, 89 (1923). 

. Kelly, F. C., and Husband, A. D., Biochem. J., 18, 951 (1924). 

. von Fellenberg, T., Biochem. Z., 139, 371 (1923) ; 152, 116 (1924). 

. Veil, W. H., and Sturm, A., Deutsch. Arch. klin. Med., 147, 166 (1925). 
10. Leitch, I., and Henderson, J. M., Biochem. J., 20, 1003 (1926). 

11. Maurer, F. E., Arch. Gyndk., 180, 70 (1927). 

12. McClendon, J. F., J. Am. Chem. Soc., 50, 1093 (1928). 

13. Blum, F., Schweiz. med. Woch., 8, 808 (1927). 

14. Nichols, M.8., Ind. and Eng. Chem., Anal. Ed., 1, 215 (1929). 

15. Maurer, E., and Diez, S., Munch. med. Woch., 73, 17 (1926). 

16. Blum, F., and Griitzner, R., Z. physiol. Chem., 110, 277 (1920). 

17. Lunde, N., and Closs, K., Norsk Mag. Laegevidenskap., 89, 500 (1928). 
18. von Fellenberg, T., Ergebn. Physiol., 25, 176 (1926). 


CHNMANP WH 








all 





R. G. Turner 511 


_ Treadwell, F. P., Analytical chemistry, translated by Hall, W. T., 


New York, 5th edition, 1, 325 (1921). 


. McClendon, J. F., and Remington, R. E., J. Am. Chem. Soc., 61, 394 


(1929). 


21. Remington, R. E., Culp, B. F., and von Kolnitz, H., J. Am. Chem. Soc., 


61, 2942 (1929). 


. McClendon, J. F., Remington, R. E., von Kolnitz, H., and Rufe, R., 


J. Am. Chem. Soc., 52, 541 (1930). 


_ Knopheide, M.D., and Lamb, A. R., J. Am. Chem. Soc., 60, 2121 (1928). 

















THE ACTION OF BENZOIC PERACID ON SUBSTITUTED 
GLUCALS. 


By P, A. LEVENE ann ALBERT L. RAYMOND. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, June 28, 1930.) 


The observations to be reported in this communication are the 
outcome of experiments performed with the aim of converting 
certain glucose derivatives into the corresponding derivatives of 
mannose.! A convenient method for such transformation was 
given by Bergmann and Schotte who converted glucal into man- 
nose’ by the action of benzoic peracid. The reaction proceeded 
in the same sense in the case of glucals substituted in position (4), 
4-glucosidomannose being obtained from cellobial® and 4-galacto- 
sidomannose? from lactal. 

However, we now find that when 3-methylglucal and _ triacetyl- 
glucal are acted upon by benzoic peracid the reaction proceeds ab- 
normally and yields glucose derivatives. As the glucal is substi- 
tuted on carbon atom (3) in both of these cases, it seems that the 
addition of the hydroxyls to the carbon atoms of the glucal is 
directed by the character of the groups attached to carbon atom 
(3)... Although this abnormal reaction was disappointing for 
our present purpose, it may be of service on other occasions. 

In the case of the triacetylglucal, moreover, the benzoic peracid 


1 In this connection we may mention that we have obtained from aceto- 
bromomannose (from the -pentacetate) the same triacetylglucal as that 
from acetobromoglucose, which may be taken to indicate that the two aceto- 
bromo derivatives have the same ring structure. 

* Bergmann, M., and Schotte, H., Ber. chem. Ges., 64, 440 (1921). 

3 Bergmann, M., and Schotte, H., Ber. chem. Ges., 64, 1564 (1921). 

‘ Bergmann, M., Ann. Chem., 434, 79 (1923). 

5 It is possible that in the normal reaction an oxide is formed between 
carbon atoms (2) and (3). 
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added directly to the double bond and yielded a benzoy] triacetyl- 
hexose. The same product was obtained in about equal yield 
when the reaction was performed in the presence of water. At 
the moment we are concerned only with the fact that the sub- 
stance is a derivative of glucose, but we intend to report later on 
its structure. 

EXPERIMENTAL. 


3-Methylglucal. 


3-Methyltetracetylglucose.—This substance was prepared in the 
usual way by the action of acetic anhydride and pyridine on 
3-methylglucose. The product was obtained as a colorless syrup 
which thus far could not be made to erystallize. It analyzed as 
follows: 

5.860 mg. substance: 10.665 mg. CO: and 3.215 mg. H.O. 


CisH220;0. Calculated. C 49.70, H 6.13. 
Found. ** 49.63, ‘ 6.14. 


Bromo-3-M ethyltriacetylglucose—This substance was prepared 
from the tetraacetate with hydrogen bromide in acetie acid in 
essentially the usual way. Again a colorless syrup was obtained 
which thus far could not be crystallized. However, its bromine 
content was practically theoretical; being 19.5 per cent whereas 
the calculated value is 19.98 per cent. 

3-Methyldiacetylglucal—The acetobromo-3-methylglucose was 
treated with zine dust® in 50 per cent acetic acid in the usual way. 
Again the product did not crystallize. It was therefore purified by 
distillation under reduced pressure. At 0.2 to 0.3 mm. pressure 
it distilled at 125°. In one instance the product obtained in this 
manner was practically pure glucal on the basis of titration with 
bromine; in another case, the product titrated for 85 per cent 
glucal and a second distillation was necessary to obtain an analy- 
tically pure product. The yield varied from experiment to ex- 
periment. In the best experiment 32.0 gm. of the diacetyl-3- 
methylglucal were obtained from 100.0 gm. of 3-methylglucose. 
In another experiment 15.0 gm. were obtained from 60.0 gm. of 
3-methylglucose. 


5’ We acknowledge with pleasure our indebtedness to The Sullivan Min- 
ing Company for their generosity in furnishing us with zine dust of high 
activity. 
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The substance had the following composition. 


5.380 mg. substance: 10.680 mg. CO, and 3.235 mg. H,0. 
CiHisOs. Calculated. C 54.07, H 6.61. 
Found. * 64.18. * 6.72. 


The rotation of the substance was 


99 -—1.82° X 100 
Ip 


- are = —33.0° (in chloroform) . 





la 


3-M ethylglucal.—32.0 gm. of the glucal were added to a solution 
of 80.0 gm. of barium hydroxide and 475 ce. of water, cooled to 0°. 
The suspension was shaken in a mechanical shaker until the 
acetylglucal was completely dissolved. Carbon dioxide gas was 
passed through the solution and the filtrate from the barium car- 
bonate was evaporated to dryness under reduced pressure. The 
residue was extracted with alcohol and the alcoholic extract con- 
centrated under reduced pressure to a thick syrup which was 
reevaporated a few times with benzene. Soon the 3-methylglucal 
began to crystallize on the walls of the flask in long needles. 
The substance was dissolved in dry ether from which it erystal- 
lized again in long needles. It melted at 62-63° (uncorrected) 
and had the following composition. ; 

4.890 mg. substance: 9.400 mg. CO, and 3.245 mg. H,0. 

C7H,,0;. Calculated. C 52.47, H 7.56. 
Found. ** 52.42, ** 7.42. 


The rotation of the substance was 





0.15° X 100 ; 
al? = = — = +14.0° (in chloroform). 


1 X 1.068 


Conversion of 3-Methylglucal to 3-Methylglucose—Three ex- 
periments were performed, the first of which will be described in 
detail. 5 gm. of the glucal were dissolved in 50 ce. of water chilled 
to initial ice formation. To the solution were added 5.0 gm. of 
benzoic peracid dissolved in chloroform. The mixture was shaken 
until the aqueous layer no longer decolorized a very dilute aqueous 
solution of bromine. The aqueous layer was then separated in a 
separatory funnel, extracted several times with benzene to remove 
benzoic acid, and finally concentrated nearly to dryness and the 
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distillation continued with benzene. The dry residue was taken 
up in 25 ee. of 99.8 per cent alcohol. 2.0 ce. of this solution were 
treated with 1 equivalent of phenylhydrazine in the hope of 
obtaining a phenylhydrazone but none formed. 5.0 cc. were 
added to an equivalent of benzylphenylhydrazine but again no 
crystalline hydrazone formed. The remaining solution was con- 
centrated under diminished pressure nearly to dryness whereupon 
the substance crystallized. The yield was 1.3 gm. For analysis 
it was recrystallized from ethyl alcohol (99.8 per cent). The sub- 
stance melted at 160-162° and had the following composition. 

5.530 mg. substance: 8.730 mg. CO: and 3.575 mg. H,0. 

C7HisOs. Calculated. C 43.27, H 7.27. 

Found. 43.05, “ 7.23. 


The rotation of the substance in water was 





Initial. Equilibrium. 
2 _ +1.90° X 100 _ — 2  +1.05°X 100 —,. .., 
la], = ae i 9 — = +95.0°. lal5 = “= = +52.5°. 


Thus it was evident that the substance was 3-methylglucose. 
As Bergmann and his coworkers had used the benzoic peracid in 
ethylacetate solution, two experiments were performed with this 
solvent. 3.0 gm. of the glucal were used and the yield of crystal- 
line 3-methylglucose was 1.0 gm. in one case and 1.7 gm. in 
another. 

There remained the possibility that the abnormality of the reac- 
tion was due to some impurity in the reagent. To exclude this 
possibility unsubstituted glucal was acted upon by the same benzoic 
peracid in both chloroform and in ethylacetate solution and in 
both cases a nearly theoretical yield of mannose was obtained. 
The phenylhydrazone formed immediately on addition of the 
equivalent of phenylhydrazine. 


Triacetylglucal. 


Acetoglucal and Benzoic Peracid.—The acetoglucal was prepared 
in the usual way and recrystallized from aleohol and petrolic 
ether, giving a product with a rotation of [a]** = —15.1° (in 99.8 
per cent alcohol). 

26 gm. of this acetoglucal were dissolved in 50 ce. of dry chloro- 








ed 
lic 
1.8 


0- 





P. A. Levene and A. L. Raymond 517 


form and 200 ee. of a 0.54 molal solution of benzoic peracid in 
chloroform were added (a 10 per cent excess). The mixture was 
kept at 8-10° for 19 hours and then at room temperature for 5 
hours. At the end of this time a sample tested with potassium 
iodide and acid showed that a little more than the theoretical 
amount of the benzoic peracid had disappeared. The chloroform 
solution was shaken repeatedly with sodium bicarbonate solution, 
washed with water, dried with sodium sulfate, and concentrated 
under reduced pressure to a syrup. This was taken up in hot 
isobutyl aleohol from which the product crystallized on standing 
in the ice box. By concentrating the solution further, two addi- 
tional crops were obtained. The combined material, 12 gm., 
was dissolved in 30 ec. of hot isobutyl alcohol and filtered with 
charcoal. The solution was kept overnight in the ice box, the 
crystals were filtered off, and washed with petrolic ether-isobuty] 
aleohol (1:1) and then with petrolic ether. The crystals were 
fine, colorless needles and the yield of air-dried material was 10 gm. 
M.p. 139-140°. [a] = +6.5 (in chloroform). Further recrys- 
tallization gave a material with a m.p. of 140.0—-140.5° and 
[a] = ee = +6.2° (in chloroform). 

No mutarotation was observed in 5 hours. The analysis was as 
follows: 


5.495 mg. substance: 11.200 mg. CO, and 2.590 mg. H,0. 
Ci 9H 2200. Calculated. Cc 55.58, H 5.41. 
Found. “* 55.58, “* 5.27. 


0.100 gm. of substance shaken with 20.00 cc. of 0.100 n NaOH 
for 6 hours required 10.10 cc. of 0.100 N HCl for neutralization. 
Calculated for four acyl groups 9.75 cc. Found, 9.90. . 

The experiment was repeated but 10 ec. of water were added 
to the solution of acetoglucal and benzoic peracid in chloroform 
and the mixture was shaken vigorously in a machine until the 
reaction was complete (19 hours). The isolation was done in the 
manner described above. The yield of recrystallized product 
from 27 gm. of acetoglucal was 9 gm. 

The original experiment was repeated, but for the isolation of the 
product the chloroform solution was concentrated to a thick syrup 
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which was repeatedly extracted with petrolic ether (40-60°). 
The insoluble residue was taken up in hot isobutyl alcohol. On 
standing in the ice box, 10 gm. of crystalline product were obtained. 
After recrystallization from isobutyl aleohol the product melted 
at 140-141° and had a rotation of 


+0.55° X 100 


+r = +6.9° (in chloroform). 


lal> = 

In order to learn whether the substance was a derivative of 
mannose or of glucose, 5.0 gm. of recrystallized material were 
shaken with a saturated (at 0°) solution of dry ammonia gas in dry 
methyl alcohol, until dissolved. The solution was kept at 2 to 4° 
for 15 hours and then at room temperature for 4 hours. It was 
then concentrated under reduced pressure to a thick syrup which 
was repeatedly extracted with ethyl acetate. The residue was 
dried, dissolved in water, and diluted to 10.0 ec. A reduction 
determination (Willstiatter) indicated 0.167 gm. of hexose per ce. 
The rotation, at equilibrium, of 1.0 ce. of the solution diluted to 5.0 
ec. with water and measured in a 2 dm. tube (sodium D light) 
was +3.84°. The rotation, calculated from the reduction 
value on the assumption that the sugar is glucose, would be 


0.167 X 52.5° XK 2 ea x 0.167 X 14.6° XK 2 
5 = +3.51° or if mannose, ; = 








+0.98°. 

On treating the above aqueous solution with phenylhydrazine, 
no insoluble hydrazone was obtained. On heating with phenyl- 
hydrazine and acetic acid, glucosazone resulted, being identified 
by its melting point and mixed melting point with a pure sample. 

Thus it seems that the addition product of the acetoglucal 
and benzoic peracid is a benzoy! triacetylglucose. 
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XVIII. ALLOCYMARIN AND ALLOSTROPHANTHIDIN. AN ENZY- 
MATIC ISOMERIZATION OF CYMARIN AND 
STROPHANTHIDIN. 


By WALTER A. JACOBS. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 1, 1930.) 


In a previous communication (1), the strophanthin which occurs 
in the seeds of Strophanthus kombe has been shown to be a mixture 
of glucosides of the aglucone strophanthidin. In all of these 
glucosides, strophanthidin is combined directly with cymarose, a 
methyl ether a-desoxy sugar, as cymarin. This glucoside was 
found to occur as such in small amount in the mixture but the 
major portion of the active glucoside was shown to consist of a 
further combination of cymarin with 1 or more molecules of 
glucose. By the action upon this mixture of an enzyme which 
was extracted from strophanthus seeds, it was found possible to 
hydrolyze all of the glucose linkages without affecting the union 
between cymarose and strophanthidin, with the result that the 
complex mixture of glucosides could be converted completely into 
cymarin. More recently we have attempted to make use of this fact 
in the course of the isolation from the seeds of the strophanthidin 
used in our structural studies. It was hoped that by passing 
through the stage of cymarin it would be possible to accumulate 
sufficient of the rare sugar, cymarose, for certain future studies. 
Instead, however, of employing the method already published, 
which consisted of the preliminary isolation of the crude, 
amorphous strophanthin mixture and digesting it with a crude 
enzyme which had also been isolated, a simplification of the proc- 
ess was attempted as follows: The ground and defatted seeds 
were mixed to a paste with water and after the addition of toluene 
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the mixture was allowed to stand with the hope that the enzyme 
already present in the seeds would act directly upon the accom- 
panying glucosides. In an examination of the resulting material, 
observations of a surprizing nature were made. Although the 
desired enzymatic cleavage of glucose from the complex strophan- 
thins with the production of a simpler glucoside was found to 
occur, an additional apparently enzymatic transformation was 
noted, which we believe to be quite unique in character. The 
extent of this transformation depended upon the duration of the 
enzyme action. Following the usual procedure, the. dilute aleo- 
holic extract of the self-digested seeds after purification with lead 
acetate and concentration yielded a crystalline substance which 
proved to be not the expected cymarin. Contrary to cymarin, 
the new substance was sparingly soluble in chloroform and very 
soluble in methyl alcohol from which cymarin crystallizes so 
readily as a methylate. From the analytical results the formula 
C30H4,O» was derived, so that the new glucoside is isomeric with 
cymarin. This conclusion was substantiated by the investigation 
of its hydrolytic products. 

The isomerization of cymarin to this substance was found to 
have occurred in the aglucone portion of the molecule. On hydrol- 
ysis the same sugar was obtained which is contained in cymarin, 
namely cymarose (2). Instead of strophanthidin, however, an- 
other substance was obtained, the isomeric character of which was 
confirmed by the analysis leading to the formula C2;H3O.. Con- 
trary to strophanthidin, it was readily obtained from solution in 
anhydrous form which melted at 248°. We have adopted the 
designation allostrophanthidin for this substance and for the parent 
glucoside that of allocymarin. 

Investigation of allostrophanthidin has shown that the oxygen 
atoms contained in it have retained the functions possessed by 
those of strophanthidin. Allostrophanthidin still yields an oxime. 
On heating with alcoholic hydrogen chloride it behaves like stro- 
phanthidin (3) and is converted into the ethyl half acetal of oxido- 
dianhydroallostrophanthidin, which is isomeric with the analogous 
derivative of strophanthidin. From these facts the aldehyde 
group is retained in this substance as well as the two tertiary hy- 
droxyl groups which are removed as water to form the dianhydro 
derivative, and finally the secondary hydroxy] which participates in 
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the oxidic linkage in the above half acetal. As in strophanthidin, 
the remaining 2 oxygen atoms belong to the lactone group. Allo- 
strophanthidin still gives the nitroprusside reaction characteristic 
of the A®7-unsaturated lactones. In agreement with this, 
dihydroallostrophanthidin was obtained on hydrogenation. The 
attempt was made to prepare the usual iso derivative with methyl 
alcoholic alkali. A number of different procedures were tried and 
although a reaction was found to occur in each case no tangible 
crystalline substance could be isolated and the major reaction 
product proved to be always of amorphous acid character. 

Since the transformation of strophanthidin into the new isomer 
has not involved a change of function of the characteristic groups 
of the former, this isomerization appears to be of purely stereo- 
chemical character. The above failure to obtain an isoallostro- 
phanthidin with methyl alcoholic alkali suggests that a cis-trans 
reallocation has occurred of the groups participating in this reaction 
or of groups which may influence the reactivity of such participat- 
ing groups. It was hoped that such an explanation might be 
checked by passing to trianhydroallostrophanthidin which might 
prove identical with trianhydrostrophanthidin, a benzenoid deriva- 
tive. For this purpose, the ethylal of dianhydroallostrophanthidin 
was treated with concentrated hydrochloric acid. Instead, how- 
ever, of the formation of the trianhydro derivative such as is pro- 
duced in the case of strophanthidin, a chloro derivative was ob- 
tained. Since difficulty was experienced in obtaining the expected 
analytical figures with this substance it was not further investi- 
gated. For the present the exact relationship of allostrophanthi- 
din to the parent strophanthidin remains undetermined. 

The above transformation is apparently of enzymatic character. 
If the paste of kombe seeds was first heated to destroy the enzymes 
and was then allowed to stand, on working up the mixture only 
strophanthidin could be obtained on hydrolysis of the crude gluco- 
sides. Ina former communication a crude enzyme, ‘‘strophantho- 
biase,” was described (1), which had been employed for the 
cleavage of all of the glucosides into cymarin. At that time only 
cymarin was noted and no suspicion was obtained of the formation 
of any such substance as allocymarin. More recent experiments 
have confirmed these results. When a crude enzyme was prepared 
from kombe seeds in the usual manner and was precipitated by 
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alcohol or acetone, such an enzyme when allowed to act for a long 
time on the crude glucoside mixture caused cleavage to cymarin 
only and no appreciable formation of allocymarin was noted. 
Either the effective isomerizing enzyme is not extracted by the 
method employed or it is very labile and easily inactivated by ace- 
tone or alcohol. Although it is probable that a proper procedure 
may be found for the separation of such an enzyme from the seeds, 
we have not for the present made further attempts in this direction. 
If the above conclusion is correct that we are dealing with a stereo- 
chemical rearrangement produced by an enzyme, the observation 
is of considerable interest. The only previous reference which we 
have been able to find concerning a stereochemical enzymatic 
transformation is the so called ‘‘Waldenase’”’ of Frinkel (4). To 
such an enzyme this worker has referred the transformation of the 
usual /-tyrosine formed on tryptic digestion of casein to d-tyrosine 
through d-tyrosine anhydride on the prolonged action of trypsin. 

Before the above work was begun we had accumulated in the 
course of the preparation of strophanthidin the cymarin which oc- 
curs as such in Strophanthus kombe seeds. This was secured as pre- 
viously described by the extraction with chloroform of the purified 
alcohol-free solution of the crude glucosides and precipitation of 
this chloroform solution of crude cymarin with ligroin. Cymarin 
was then obtained as the methylate by reerystallization from 
methyl alcohol. In the final methyl alcoholic mother liquors con- 
siderable material remained and the attempt was made to repeat 
the chloroform extraction of this material for purification. A rela- 
tively small portion of a crystalline substance appeared at this 
point, which was very sparingly soluble in chloroform. After our 
experience with allocymarin we turned again to an investigation 
of this substance and found it to be identical with allocymarin. 
The latter, therefore, occurs as such in very small amounts in the 
seeds, a fact which is not at all strange in view of the artificial 
transformation described above. A small amount of such a trans- 
formation can quite conceivably occur in the seeds themselves. 

An investigation of the pharmacological action of the new gluco- 
side has also led to a surprizing result. It has been found to be 
practically devoid of the characteristic digitalis action in amounts 
which could be satisfactorily injected into frogs. The latter were 
found to tolerate as much as 2 mg. ina35gm. frog. Unfortunately 
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the sparing solubility of the substance made it difficult to reach the 
toxic limit of the substance. 4 mg. of the substance in suspension 
in dilute alcohol failed to kill a 25 gm. frog. For such an animal 
0.015 mg. of cymarin sufficed. If the chemical difference be- 
tween cymarin and allocymarin is merely stereochemical, this 
difference in pharmacological action is of considerable interest. 

Finally, in hydrogenation experiments with allostrophanthidin 
with the platinum oxide catalyst of Adams and Shriner, it was 
found that the reaction may be carried beyond the 1 mol stage 
which gives rise to the dihydro derivative described above. A 
second mol of hydrogen is more slowly absorbed with the formation 
of a neutral substance, dihydroallostrophanthidol. The second 
reaction was found to consist in the reduction of the aldehyde 
group to the primary alcoholic group. Since in our former exper- 
ience with the catalytic hydrogenation of strophanthidin itself 
the platinum oxide catalyst had not been employed and such a 
reaction had not been noted, we have investigated the behavior of 
strophanthidin towards this reagent. 1 mol of hydrogen was fairly 
readily absorbed but apparently more slowly than in the case of 
allostrophanthidin and under very careful conditions it was found 
possible to introduce an additional mol of hydrogen with the forma- 
tion of the dihydro alcohol, dihydrostrophanthidol. 


EXPERIMENTAL. 


1500 gm. of Strophanthus kombe seeds which gave uniformly the 
green color with 80 per cent sulfuric acid were coarsely ground in a 
meat grinder and were defatted with gasoline. The dried powder 
was mixed with 3500 ec. of water and 100 cc. of toluene and the 
mixture was allowed to stand at 25° for 13 days. The mass was 
then treated with 12 liters of 95 per cent alcohol. After standing 
24 hours the mixture was filtered. The filtrate was cleared as usual 
with lead acetate solution and the excess lead was removed with 
HS. During the concentration under diminished pressure in 
order to remove the alcohol, a copious crystallization occurred. At 
this point it was found advisable to centrifuge the precipitate and 
continue the concentration of the mother liquor until the alcohol 
was completely removed. The remaining aqueous solution was 
recombined with the crystalline fraction and the mixture was 
shaken with 200 ce. of chloroform to dissolve any cymarin which 
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had escaped transformation. After centrifuging in order to sepa- 
rate the chloroform layer, the extraction with fresh chloroform 
was repeated. From the combined chloroform extracts, after 
shaking out with dilute sodium carbonate solution, concentration 
and precipitation with petrolic ether, 17 gm. of crude cymarin were 
recovered. This readily crystallized from methyl alcohol. 

Allocymarin.—The above erystalline residue undissolved by the 
chloroform was collected by suction. After recrystallization from 
95 per cent alcohol the glucoside formed globules of minute crystals 
which after collecting with alcohol and drying weighed 33 gm. 
When recrystallized by careful dilution of the hot alcoholic solution 
it formed long, narrow, thin leaflets which softened above 145° 
and slowly effervesced at about 150°. 

Allocymarin is easily soluble in methyl alcohol and acetone, is 
less readily soluble in ethyl alcohol and practically insoluble in 
water. Contrary to the extremely bitter cymarin, it is practically 
tasteless. 


[a]° = +43 (ec = 1.007 in methy] alcohol). 
For analysis the substance was dried at 100° and 15mm. 
4.523 mg. air-dry substance: 0.265 mg. H.0. 


C3o0HO9-2H20. Calculated. H,06.16. Found. H:,0O 5.85. 
4.258 mg. substance: 3.140 mg. H.0, 10.210 mg. CO». 


5.690 *“‘ ” : 2.125 ** Agl. 
CoH Oo. Calculated. C 65.66, H 8.09, OCH; 5.65. 
Found. “ 65.39, 8.25, “ 4.93. 


Alloeymarin was obtained also by direct alcoholic extraction of 
the seeds without previous digestion. This was found in the 
mother liquors which had accumulated from the recrystallization 
from methy!] alcohol of the cymarin fraction of the crude glucoside 
mixture. From about 200 pounds of such seeds about 15 gm. of 
allocymarin were obtained. It separated from 95 per cent alcohol 
in characteristic narrow, thin platelets which melted with slow 
effervescence at 150° after preliminary softening and agreed in all 
properties with the allocymarin prepared by digestion of the seeds. 


[a]? = +42 (c = 0.970 in methyl alcohol). 
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The identity was confirmed by hydrolysis to allostrophanthidin 
and cymarose. 


5.098 mg. air-dry substance: 0.323 mg. H:0. 
C3oHyO»-2H,O. Calculated. H.06.16. Found. H,0 6.33. 
4.775 mg. substance: 3.520 mg. HO, 11.492 mg. CO:. 
C3o0H Oo. Calculated. Cc 65.66, H 8.09. 
Found. ** 65.63, “ 8.25. 


The following experiment was made in order to obtain more con- 
clusive evidence of the enzymatic origin of the transformation of 
the strophanthin glucosides into allocymarin. 

500 gm. of kombe seeds after grinding and defatting yielded 350 
gm. of dry powder. Separate portions of this material were 
treated differently as follows: 

150 gm. of the seed powder were extracted three times with 700 
ec. portions of 70 per cent alcohol. The combined extract was 
purified in the usual way with lead acetate and after removal of 
excess lead with H:S the alcohol was removed under diminished 
pressure. The concentrated aqueous solution was cautiously 
acidified with HCI until slightly acid to Congo red paper. The 
mixture was then hydrolyzed at 70°. Characteristic rhombs and 
compact prisms of strophanthidin separated. After filtration a 
second crop was obtained from the filtrate by the addition of am- 
monium sulfate. After recrystallization each of these fractions 
melted at 170° and exhibited all of the properties of strophanthidin. 
The combined weight was 4.9 gm. 

150 gm. of the seed powder were mixed with 450 ec. of water and 
50 ee. of toluene and after digesting at 25° for 11 days the mixture 
was treated with 1400 ec. of aleohol. The alcoholic extract was 
worked up in the usual manner. In this case on concentration of 
the purified extract the glucoside crystallized as described above. 
The acidified aqueous suspension was heated at 70°. The spar- 
ingly soluble glucoside slowly dissolved and was soon replaced 
by long prisms and tables of allostrophanthidin. After reery- 
stallization from alcohol 4.2 gm. of crystals melting at 247° 
were obtained. A second fraction which was recovered from the 
aqueous mother liquor of the first fraction by salting out with 
ammonium sulfate gave after recrystallization 1.6 gm. which 
melted at 240°. 
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A parallel experiment was conducted after destruction of 
enzymes as follows: 50 gm. of the seed powder were treated with 
170 ce. of boiling water and the mixture was kept above 90° for 10 
minutes. After cooling, 30 cc. of toluene were added and the mix- 
ture was kept alongside of the above experiment at 25° for 11 days, 
On hydrolysis of the resulting glucoside mixture only strophanthi- 
din was obtained. 


Hydrolysis of Allocymarin. 


Allostrophanthidin.—5 gm. of allocymarin were treated with a 
mixture of 35 ec. of aleohol, 25 ce. of HO, and 12 ec. of HCI (1.19). 
The resulting suspension was shaken at 20—25° for 24 hours. This 
time was required for solution and hydrolysis of the sparingly 
soluble glucoside. After dilution allostrophanthidin separated 
very incompletely. On partial concentration of the mother liquor 
to remove the alcohol most of the dissolved aglucone was recovered, 
although a small portion still remained in the aqueous sugar solu- 
tion. This was recovered in the process of isolating the sugar as 
given below. 

On recrystallization from 95 per cent alcohol allostrophanthidin 
separates as rather sparingly soluble prisms or plates which are 
anhydrous and melt at 248-250°, with slow effervescence. This 
melting point was found with the freshly recrystallized substance. 
In some cases after months of standing in the dry state the melting 
point was found to increase, and in one case 274° was noted. The 
substance is practically tasteless. It is sparingly soluble in the 
usual neutral solvents. It is more readily soluble in the somewhat 
diluted water-miscible solvents. It gives the characteristic nitro- 
prusside test. The brown color which develops in sulfuric acid is 
indistinguishable from that produced by strophanthidin. 


[a]? = + 37 (c¢ = 0.508 in 95 per cent alcohol). 


3.815 mg. substance: 2.815 mg. H,0O, 9.577 mg. CO:. 
C23H320¢. Calculated. C 68.27, H 7.98. 
Found. “* 68.45, ‘ 8.25. 


Cymarose.—The above aqueous filtrate from allostrophanthidin 
was treated with excess silver carbonate. The filtrate from silver 
chloride was treated with H.S and then concentrated to small bulk 
under diminished pressure. A small additional deposition of the 
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aglucone occurred during this process. The filtrate was then con- 
centrated to dryness. The residue was extracted with dry ether 
and the extract was allowed to stand over fused Na2SO, for several 
days. On being treated with petrolic ether, the concentrated 
ether solution gradually crystallized, when seeded with cymarose, 
as delicate needles. After recrystallization and long drying in a 
desiccator over CaCl, the sugar melted at 93°. This melting point, 
however, was obtained only with carefully dried material. When 
first collected or on exposure to the air small amounts of solvent or 
moisture which cling to the substance easily depress its melting 
point. 

The sugar exhibited only slight mutarotation in aqueous solu- 
tion. For the final reading 


[a]* = +52 (c = 2.01 in H,0). 


3.610 mg. substance: 2.840 mg. H.O, 6.880 mg. COs. 
Cr7Hy4O.. Calculated. C 51.81, H 8.70. 
Found. ** 51.98, “* 8.80. 


Allostrophanthidin Oxime.—This was prepared in the usual 
manner from the aglucone and hydroxylamine in alcoholic solution. 
It formed small four-sided tables and prisms from alcohol which 
effervesced at 235° after preliminary softening. For the analysis 
it was found necessary to dry the substance in the micro dryer at 
120°. 


4.536 mg. substance: 3.285 mg. H:O, 10.925 mg. CO». 


5.100 “ " : 0.158 ec. N (772.6 mm., 28°). 
C.3H330eN. Calculated. C 65.83, H 7.93, N 3.34. 
Found. ** 65.69, “ 8.09. 
" N 3.57. 


Dihydroallostrophanthidin.—Allostrophanthidin was hydrogen- 
ated in alcoholic solution with the platinum oxide catalyst of 
Adams and Shriner. Within 20 minutes approximately the equiv- 
alent of 1 mol of He was absorbed and the operation was inter- 
rupted at this point. The dihydro derivative crystallized from 
dilute alcohol as long, narrow platelets which softened at 150° as 
if giving off solvent and finally melted and effervesced at 230°. 
It is easily soluble in alcohol and acetone and but sparingly so in 
chloroform. It does not give the nitroprusside reaction. 
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For analysis the substance was dried at 100° and 15 mm. over 
H.SO,. 
4.365 mg. substance: 3.370 mg. H20, 10.920 mg. COs. 


C23H3s0¢. Calculated. C 67.99, H 8.44. 
Found. ** 68.22, ‘* 8.64. 


Dihydroallostrophanthidol.—When the above hydrogenation was 
carried further, an additional mol of Hz was absorbed more grad- 
ually. The reaction was interrupted after 18 hours. The dihydro 
alcohol separated from its concentrated alcoholic solution as lus- 
trous leaflets which melted at 222° after preliminary softening. 
The substance did not react with hydroxylamine. 

For analysis the substance was dried at 100° and 15 mm. over 
H.SO,. 

4.603 mg. substance: 3.650 mg. H,0, 11.465 mg. CO. 


C.3;H30s. Calculated. C 67.60, H 8.89. 
Found. ** 67.92, ‘* 8.88. 


Ethyl Half Acetal of Oxidodianhydroallostrophanthidin.—Allo- 
strophanthidin was refluxed for 30 minutes in 10 parts of 5 per cent 
absolute alcoholic hydrochloric acid. On cooling needles of the 


ethylal separated. 
After reerystallization from alcohol it melted at 191°. 


[al = — 63 (ec = 1.01 in chloroform). 
4.280 mg. substance: 3.135 mg. H,O, 11.870 mg. CO». 
4.302 ‘‘ - : 2.480 “ Agi. 
C25H320,. Calculated. C 75.71, H 8.14, OC.H; 11.35. 
Found. ** 75.64, ‘* 8.20. 
” OC:H; 10.82. 


Dihydrostrophanthidol_—Strophanthidin which had been re- 
peatedly recrystallized from glass-distilled aleohol was hydrogen- 
ated as described in the case of allostrophanthidin. Within 12 
minutes 1 mol of Hz was absorbed. When interrupted at this 
point dihydrostrophanthidin was obtained. After 18 hours an 
additional equivalent of Hz was absorbed. The filtrate from the 
catalyst crystallized on concentration and dilution. It formed 
needles and prisms from 95 per cent alcohol which melted slowly at 
160-163° after preliminary sintering. Its melting point was defi- 
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nitely depressed on mixing with dihydrostrophanthidin and it is 
also less soluble in aleohol than the latter. 


4.640 mg. substance: 3.760 mg. H:O, 11.500 mg. CO». 
Co3H Os. Calculated. Cc 67.60, H 8.89. 


Found. ** 67.60, “‘ 9.07. 
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Certain abnormalities in the behavior of isogitoxigenin and its 
derivatives as contrasted with that of isodigitoxigenin and other 
“iso genins’’ have repeatedly appeared in our studies with these 
substances and have been discussed in previous reports (1, 2). 
The outstanding differences were the stability of the lactol form of 
isogitoxigeninic acid which results on saponification of isogitoxi- 
genin, and the relative stability of the lactone group in isogi- 
toxigenic acid which results from the oxidation of this lactol group 
in the former acid. In the work which has led to the conclusion 
that gitoxigenin is hydroxydigitoxigenin (2), it was shown that the 
remaining free hydroxyl group in isogitoxigenic acid can be 
removed to form the anhydro acid. This anhydro acid, in con- 
trast with the saturated parent acid, could be easily saponified by 
0.1 N alkali. In addition it was readily hydrogenated with simul- 
taneous cleavage of the lactone group to the desoxy acid, digi- 
toxanoldiacid. Since the removal of this hydroxyl group in- 
fluenced so greatly the stability of the lactone group, the conclusion 
was reached that this hydroxyl group must be situated on a carbon 
atom either within or adjoining the lactone ring. At the time it 
was assumed that in the oxidic ring of isogitoxigenin the same 
tertiary hydroxy! was involved as that which forms the oxidic ring 
of isodigitoxigenin. More recent observations have shown that 
this last assumption is not true and that different hydroxyl groups 
participate in the cyclization in each of these iso compounds. In 
the case of isodigitoxigenin this has been definitely shown to be 
the tertiary hydroxyl group (3). In isogitoxigenin this group has 
now been found to be the additional hydroxyl by which gitoxigenin 
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differs from digitoxigenin. This was made evident by the fact 
that whereas gitoxigenin forms a dibenzoate (4) and digitoxigenin 
forms a monobenzoate isogitoxigenin on acylation yields only a 
monoacyl derivative, isogitorigenin benzoate. The additional 
acyl group in gitoxigenin dibenzoate must be situated on the extra 
hydroxyl group which is not present in digitoxigenin and forms the 
oxidice ring of isogitoxigenin. This conclusion was confirmed by 
the study of the oxidation products of these substances. 

The formation of isogitoxigenon on oxidation of isogitoxigenin 
with chromic acid has already been described (5). The production 
of a monoketone is in agreement with the assumed presence of one 
secondary hydroxyl group. This has been noted also in the case 
of digitoxigenin and isodigitoxigenin (6). On reexamining the so 
called gitoxigenon which was briefly described in a previous com- 
munication (7), observations have been made which do not agree 
with its provisional characterization as a monoketone. The 
originally published analytical figures did not agree so well with 
the required formula, C.;H320;, but rather with the alternative 
formula C2;H300;, also presented. Recent work has shown that in 
the formation of this substance two hydroxyl groups have been 
oxidized to carbonyl so that it is a dioxo derivative, C2;H300;. It 
is, therefore, obvious that the extra hydroxyl group of gitoxigenin 
is not tertiary but is either of secondary or primary nature. The 
fact that the above isogitoxigenin forms only a monoketone and 
not a dioxo derivative is in agreement with the acylation results in 
determining the identity of the hydroxyl group involved in the 
oxidic ring of isogitoxigenin. 

A further study of this oxidation product of gitoxigenin has led 
to the surprizing result that it no longer possesses the unsaturated 
lactone group of gitoxigenin. It does not give the nitroprusside 
reaction. Digitoxigenon, which was examined for comparison, was 
found to give the expected color reaction, a result in agreement 
with the fact that it can be isomerized by alkali to isodigitoxi- 
genon (6). The explanation of the behavior of the dioxo compound 
from gitoxigenin was found in the fact that it is an iso compound. 
The oxidation of the extra hydroxyl group of gitoxigenin to 
carbonyl has induced a simultaneous isomerization of the type 
found in isodigitoxigenin in which the double bond is replaced by 
an oxidic bridge with the remaining tertiary hydroxyl. This was 
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confirmed by the fact that it was not possible to convert the dioxo 
compound into an anhydro derivative by the action of mineral acid. 
As presented further on, such dehydration may be produced in the 
dioxo derivative of dihydrogitoxigenin in which isomerization to an 
iso derivative is no longer possible. The oxidation product of 
gitoxigenin is, therefore, a derivative of a normal isogitoxigenin 
which is isomeric with the isogitoxigenin formed by the alkali 
isomerization of the aglucone. 

Further study of this oxidation product has brought to light an 
additional complication. It is a mixture of two isomers when pre- 
pared by the method originally given in which the chromic acid 
solution employed contained sulfuric acid. This was caused by an 
isomerization of the primary product of the reaction under the 
influence of acid. When the oxidation was accomplished in acetic 
acid solution with aqueous chromic acid, the principal product was 
a neutral dioxo derivative which showed a specific rotation of [a] = 
+88. When this substance was allowed to stand with dilute 
mineral acid isomerization occurred with the formation of a sub- 
stance possessing a rotation of [a] = +166. 

In view of the direct relationship of these substances to iso- 
digitoxigenon, the first of these isomers has been at least pro- 
visionally designated as a-(oxoisodigitoxigenon) and the latter as 
B-(oxoisodigitoxigenon). When the a@ compound was gently 
saponified with dilute alkali and then relactonized by gentle 
acidification with acetic acid, isomerization also occurred since 
the substance recovered proved to be the above 8 compound. In 
an attempt to recrystallize the oxidation product from methyl 
alcohol it was found to yield a more sparingly soluble substance of 
higher melting point. This substance proved to contain methoxyl. 
Under the conditions described in the experimental part, either 
isomer was found to yield the same substance which proved to be a 
dimethyl acetal. The methoxyl groups were stable to alkali but 
were readily removed by dilute acid. This at first suggested the 
possibility that the extra carbonyl group is of aldehydic character. 
But a parallel experiment with isogitoxigenon showed that this 
substance also yields a dimethyl acetal with analogous properties. 
This is then a property of the carbonyl group common to both 
substances and which is in turn formed from the secondary alco- 
holic group common to both gitoxigenin and digitoxigenin. Such 
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ready formation of a ketone acetal by simple heating with methyl 
alcohol is unusual, since it is a property usually credited to reactive 
aldehyde groups. 

In the hope of shedding additional light on the mechanism of the 
formation and the properties of these isomeric dioxo compounds, 
we have turned to an analogous study of the oxidation of dihydro- 
gitoxigenin where any simultaneous oxidation to the above type of 
iso derivative would be excluded, and in which the tertiary 
hydroxyl group would be retained. By using a chromie acid 
solution without the addition of sulfuric acid, the dihydrogenin 
yielded both a neutral fraction and an acid fraction. The neutral 
product proved to be mostly a dicarbonyl derivative, C2;H320;, 
which possessed a specific rotation of [a] = +89, and which we 
have called a-(oxodihydrodigitoxigenon). When this substance was 
treated with mineral acid it was readily converted into an anhydro 
derivative, anhydro-8-(oxodihydrodigitoxigenon). There was prob- 
ably simultaneous isomerization to the 8 series. The rotation of 
the latter was found to be [a] = +154. The dehydration appeared 
to keep pace with the apparent isomerization so that it was not 
possible to intercept any intermediate 6 form before such conver- 
sion into its anhydro form had occurred. When the above a- 
oxidation product was gently saponified and then relactonized by 
gentle acidification with acetic acid, the substance which crys- 
tallized proved to be also an anhydro compound but apparently 
still different from the above anhydro derivative. It appears that 
still another type of isomerization has occurred under the influence 
of alkali. This second anhydro compound was formed also by 
saponification and relactonization of the above anhydro-s- 
(oxodihydrodigitoxigenon). 

The lability of the tertiary hydroxyl group with consequent 
anhydro formation may be conditioned by a trans-cis rearrange- 
ment of the hydrogen atom and hydroxyl group which are removed 
as water. The additional type of isomerization under the influ- 
ence of alkali may be due to a further shift of the double bond. 
The loss of water during saponification is apparently caused by 
the influence of the extra carbonyl group. This was indicated by 
our experience with dihydrodigitoxigenin which was run as a con- 
trol. This substance was readily converted into dihydrodigi- 
toxigenon. When the latter was saponified and then gently acidi- 
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fied with acetic acid, as in the case of the gitoxigenin derivative, 
a-(oxodihydrodigitoxigenon), dehydration with the formation of 
an anhydro derivative did not occur and dihydrodigitoxigenon was 
recovered. 

Another substance of interest was isolated from the acid fraction 
of the oxidation mixture obtained from dihydrogitoxigenin. This 
crystalline acid proved to be a constant by-product of the action of 
CrQOs in the presence or absence of sulfuric acid and under different 
temperature conditions. From the analytical results the formula 
Cz;Hs205 was derived for this substance. Titration showed the 
presence in it of one carboxyl group as well as its molecular size. 
This was confirmed by the analysis of the methyl ester. However, 
on heating even with 4 per cent alkali at 130° it was not possible to 
detect the consumption of the extra equivalent of alkali required 
by the lactone group originally present in the parent substance. 
Repeated experiments on attempted saponification with 0.1 N or 
n alkali gave the same result. On back titration in every case, 
however, it was found that about 10 to 15 per cent of 1 equivalent 
of alkali was nevertheless consumed in addition to that required 
for direct neutralization of the free acid group. A reason for this 
is difficult to picture and we are convinced of the homogeneity of 
this acid oxidation product. Contrary to the neutral dioxo 
derivative, the acid could not be converted into an anhydro acid 
by solution in concentrated hydrochloric acid. The neutral dioxo 
derivative is not an intermediate stage in the formation of this 
acid since the latter was not produced in an attempted reoxidation 
of the former. 

The difficulty of procuring the rare and costly material needed 
in this work has made it necessary for the moment to interrupt 
further investigation of these substances in directions which are 
naturally suggested. The behavior of gitoxigenin and its dihydro 
derivative on oxidation, which has just been presented, has 
definitely snown that the additional hydroxyl is not of tertiary 
character as originally assumed and that it is situated on a carbon 
atom which is most likely 6 to the y-carbon atom of the lactone 
group of gitoxigenin. 


We wish to make our grateful acknowledgments to E. Merck, 
Darmstadt and Merck and Company, Incorporated of Rahway 
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for the digitoxin-insoluble by-product which was the principal 
source of the starting materials used in these studies. 


EXPERIMENTAL. 
Oxidation of Gitoxigenin. 


a-Dioxo Derivative (a-(Oxoisodigitoxigenon)).—The procedure 
used for the oxidation with chromic acid differs somewhat from 
that previously given (7). 

A solution of 0.2 gm. of gitoxigenin in a mixture of 4 cc. of acetic 
acid and 1 ee. of water was treated with 1 ce. of 20 per cent aqueous 
CrO3, a decided excess of reagent. After 15 minutes at 25° the 
diluted mixture was extracted with chloroform.. The latter after 
washing with water and finally with dilute NazCOs; was dried and 
concentrated. The residue crystallized under acetone and was 
collected with a few drops of acetone followed by acetone-ether 
(1:1). Forrecrystallization the concentrated acetone solution was 
carefully treated with dry ether. The a compound formed 
rhombic plates and prisms which melted at 200° after preliminary 
softening. When recrystallized from acetone alone, in which the 
substance is easily soluble, the melting point was raised to 204°. 
Contrary to gitoxigenin the dioxo derivative no longer gives the 
nitroprusside reaction. 


[a] = +88 (c = 0.386 in acetone). 


4.460 mg. substance: 3.095 mg. H.0, 11.660 mg. CO.. 
C23sH300s. Calculated. C 71.46, H 7.83. 
Found. - vee, ~ tae 


An appreciable an.ount of acid material which resulted during 
the oxidation was recovered from the carbonate extract but proved 
to be amorphous and resisted successful inquiry. 

The a compound is isomerized to the 8 compound on treatment 
with dilute mineral acid or on saponification with NaOH and sub- 
sequent reacidification with acetic acid. 

If, as originally published, the CrO ; solution contains H,SO, the 
substance resulting from the oxidation of gitoxigenin proved to be 
principally the 8 compound with smaller amounts of the a-isomer. 
The amount of the latter increased if the oxidation was carried on 
at low temperature and for a shorter time. 
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In one experiment 4 gm. of gitoxigenin were dissolved in 80 ce. of 
acetic acid and 20 ce. of water. The solution was treated with 20 
ec. of Kiliani CrO; solution! and was allowed to stand at 5° for 7 
minutes. When worked up as given above the product was found 
to bea mixture. The neutral residue from the chloroform extract 
was dissolved in acetone and carefully treated with dry ether. 
The crystalline substance was collected with ether. 2.9gm.were 
obtained. When this was recrystallized by concentration of its 
acetone solution characteristic rhombic platelets of the a compound 
were obtained which after collection weighed 0.6 gm. This pos- 
sessed all of the properties of the a derivative. 

The material in the mother liquor proved to be a mixture from 
which on fractional crystallization by careful dilution of the 
acetone solution the 8-isomer was obtained. This was, however, a 
tedious process. The §-isomer greatly preponderated and was 
more readily obtained if the oxidation was carried on at higher 
temperature and for a longer time as follows: 

B-Dioxo Derivative (8-(Oxoisodigitoxigenon)).—The above react- 
ants were kept at 27° for 1 hour and the resulting mixture was then 
worked up as usual. Careful addition of dry ether to the concen- 
trated chloroform solution caused the gradual separation of needles 
which were collected with ether. After recrystallization from 
chloroform-ether the substance contained ether of crystallization 
and melted and slowly frothed up at 127—130°. 

From dilute acetone the substance was obtained in anhydrous 
form and melted with effervescence at 213°. 


lal” = +154 (c = 0.676 in acetone). 
For analysis the substance from chloroform-ether was dried first 
at 85° and finally at 105° and 15 mm. 


4.365 mg. substance: 3.175 mg. HO, 11.400 mg. CO». 
C23H 300s. Calculated. Cc 71.46, H 7.83. 
Found. “ 71.16, “ 8.13. 


Like the a compound the §-isomer does not give the nitroprus- 
side reaction. The failure to obtain an anhydro derivative by the 
action of acid under conditions which at once transformed gitoxi- 


1 The solution consisted of 400 gm. of H,.O, 80 gm. of H.SO,, and 53 gm. 
of CrOs. 
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genin into the dianhydro derivative supports the interpretation 
that these oxidation products of gitoxigenin are isogitoxigenin 
derivatives in which the tertiary hydroxyl is bound in oxidic 
form. When the 8 compound was dissolved in HCl (1.19) and 
kept at 20° for 15 minutes the resulting solution on dilution gave 
an amorphous precipitate which could not be made to crystallize 
and which represented deep seated alterations. But from the 
clear filtrate a relatively small amount of crystalline material 
slowly deposited. After collection with water it was recrystallized 
by careful dilution of the acetone solution. It melted at 207-208° 
and proved to be starting material. 


[a| = +166 (c = 0.217 in acetone). 


4.020 mg. substance: 2.850 mg. H,0, 10.477 mg. CO. 
Found. C 71.08, H 7.93. 


The 8 compound was also obtained directly from the a form by 
the action of dilute acid as follows: 0.1 gm. of a-(oxoisodigitoxi- 
genon) was dissolved in a mixture of 2 ce. of acetic acid and 0.5 
ec. of H,O. The solution was then treated with 0.5 ce. of 25 per 
cent H.SO,. The change in rotation of the mixture kept at 20° was 
followed. From an initial direct reading in a 1 dm. tube of a = 
+2.18, after 17 hours the reading had increased to +5.03. The 
reaction was then discontinued and the substance was extracted 
from the diluted mixture with chloroform. After recrystallization 
from dilute acetone it formed prisms which melted with effer- 
vescence at 213°. 


lal® = +170 (c =0.507 in acetone). 


4.600 mg. substance: 3.210 mg. H.0, 12.050 mg. CO». 
Found. C 71.45, H 7.81. 


The a form was converted into the 8-isomer by the action of 
alkali as follows: 0.1 gm. of the a compound dissolved in 2 ce. of 
acetone was treated with 2 cc. of 2percent NaOH. After solution 
had occurred the mixture was allowed to stand for 2 hours at 25°. 
After dilution and reacidification with acetic acid it slowly erystal- 
lized. The substance was collected with water and because of 
the small amount it was analyzed directly. It melted at 206° 
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and proved to be the 8 form since [aj = +166 (¢ = 0.350 in 
acetone). 


4.533 mg. substance: 3.210 mg. H,O, 11.750 mg. CO,. 
Found. C 70.70, H 7.93. 


Dimethyl Acetal of 8-(Oxoisodigitoxigenon).—When the attempt 
was made to recrystallize either the a or 8 compounds from methyl 
alcohol, the resulting substance was found to contain methoxy]. 
The addition of methyl aleohol was, however, incomplete and a 
mixture resulted which melted higher than the starting material. 
The acetal was prepared as follows: 0.1 gm. of the 8 form was 
heated in 10 ee. of anhydrous methyl alcohol in a sealed tube at 
100° for 18 hours. On rubbing, a copious crystallization gradually 
separated. After recrystallization from methyl alcohol in which 
the methylal is sparingly soluble, it formed flat needles and plate- 
lets which melted with effervescence at 226—227°. 


4.392 mg. substance: 3.240 mg. H,O, 11.200 mg. CO:. 


3.595 “ ‘i: : 3.855 “ Agl. 
C2;H3s0s. Calculated. C 69.40, H 8.39, OCH; 14.34. 
Found. ** 69.55, ‘8.25, “ 14.15. 


The above reaction was not complete and the material contained 
in the mother liquors was found to be low in methoxy] content. 

After saponification of the acetal and careful reacidification with 
dilute acetic acid, a neutral substance was recovered which proved 
to be starting material. If the action of acid is prolonged, how- 
ever, hydrolysis of the acetal group occurs with formation of the 
free ketone, as shown in the following experiment. 

A solution of 0.1 gm. of the acetal in 20 ec. of warm acetone was 
treated with 20 ec. of water containing 1 cc. of acetic acid. The 
clear solution was left at room temperature fora day. On concen- 
tration the substance crystallized. After recrystallization from 
dilute acetone it melted with effervescence at 213° and proved to be 
methoxyl-free. 

Dimethyl Acetal of Isogitoxigenon.—Isogitoxigenon (1) was 
heated with 50 parts of dry methyl alcohol at 100° for 20 hours. 
On concentration to small volume the mixture crystallized slowly 
and incompletely at 0°. As it separates from methyl alcohol the 
substance melts at 217° with effervescence. On recrystallization 
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from acetone it forms leaflets which melt at 235°. Contrary to the 
acetal of 8-(oxoisodigitoxigenon) this substance separated in almost 
pure form from the concentrated reaction mixture, leaving in solu- 
tion a large proportion of more soluble partially methylated 
material. 


4.208 mg. substance: 3.277 mg. H:0O, 10.655 mg. CO). 
C2;H 3505. Calculated. Cc 69.08, H 8.82, OCH; 14.27. 
Found. ** 69.06, “8.71, “ 13.58. 


The acetal nature of this substance was shown by its instability 
towards acetic acid. 0.04 gm. was dissolved in 5 ec. of acetone 
and then treated with 5 cc. of 10 per cent acetic acid. The crystals 
of acetal which reprecipitated soon redissolved due to hydrolysis. 
On concentrating to remove acetone, a substance crystallized which 
melted at 280° and was methoxyl-free. It was, therefore, regen- 
erated isogitoxigenon. 


Oxidation of Dihydrogitoxigenin. 


a-Dioxodihydro Derivative (a-(Oxodihydrodigitoxigenon)).—2.8 
gm. of dihydrogitoxigenin were dissolved in a mixture of 60 cc. of 
acetic acid and 15 ec. of water and then treated with 15 ec. of 20 
per cent aqueous CrO;. Oxidation occurred fairly promptly and 
after 40 minutes at 25-30° the mixture was diluted and extracted 
with chloroform. The chloroform extract was repeatedly washed 
with water to remove acetic acid and then finally with water to 
which just sufficient NazCO; was added to make it faintly alkaline 
to phenolphthalein. This process extracted the acid oxidation 
product which will be described below. 

The dried chloroform solution of the neutral fraction on concen- 
tration left a resin which crystallized when treated with a small 
amount of acetone in which it is appreciably soluble. After collec- 
tion with a small amount of chilled acetone it was recrystallized 
by careful addition of dry ether to the concentrated acetone solu- 
tion. It formed platelets and prisms which softened to a paste at 
200° and melted at 220-221°. 


[a]” = +89 (c = 0.347 in acetone). 


3.420 mg. substance: 2.550 mg. H,0, 8.885 mg. CO». 
C.3H3.0;. Calculated. C 71.08, H 8.31. 
Found. ** 70.86, ‘* 8.34. 
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This dioxo compound is isomerized with simultaneous loss of 
water under the influence of mineral acid or alkali to form the 
following anhydro derivatives. 

Anhydro-8-(Oxodihydrodigitoxigenon).—0.08 gm. of the above 
dihydrodioxo compound was dissolved in 2 ce. of acetic acid and 
1 cc. of 10 per cent HCl. The rotation was then followed in a 1 
dm. tube and was found to increase from an initial a = +2.00 to 
+3.31 after 22 hours. At this point it was diluted and extracted 
with chloroform. The washed chloroform extract left, on concen- 
tration, a resin which readily crystallized under acetone. On 
recrystallization from acetone in which it is quite soluble, it formed 
platelets and needles which melted at 240°. It was obtained in the 
same form also from acetone-ether. , 


[a] = +154 (c = 0.28 in acetone). 


4.165 mg. substance: 3.020 mg. H.O, 11.380 mg. COs. 
C23H 3004. Calculated. C 74.54, H 8.17. 
Found. , “ream ~ CFL. 


This substance was saponified by solution in a mixture of equal 
parts of 4 per cent NaOH and acetone and the solution was allowed 
to stand for several hours. After acidification the relactonized 
substance crystallized. On reecrystallization from acetone by 
addition of ether it formed needles which melted at 219°. This 
melting point remained the same after several recrystallizations. 
This suggested that a further isomerization of the anhydro com- 
pound in addition to the a to 8 transformation occurs under these 
conditions. 

The same isomeric substance was also obtained by the action of 
alkali directly on a-(oxodihydrodigitoxigenon) as follows: 0.1 
gm. of the a-dihydrodioxo compound was treated with a mixture 
of 2 ec. of 2 per cent NaOH and 1 ee. of aleohol. Solution grad- 
ually occurred due to saponification of the lactone. After 1 hour 
at 25-30° the mixture was diluted and acidified gently with acetic 
acid. As relactonization occurred, the substance gradually 
crystallized. On recrystallization from acetone-ether it formed 
needles which melted at 220°. 


[al’ = +173 (c = 0.359 in acetone). 


3.957 mg. substance: 2.840 mg. H,0, 10.772 mg. CO». 
C.3H300y. Calculated. C 74.54, H 8.17. 
Found. ‘* 74.25, ‘* 8.03. 








542 Digitalis Glucosides. V 


Acid, C23H3205.—The dilute NazCO; extract of the acid material 
obtained from the above oxidation mixture was concentrated 
under diminished pressure to a small volume. On gentle acidifica- 
tion with acetic acid a gum was precipitated. On being rubbed 
and left to stand this was followed by crystallization of micro 
rhombs and prisms with gradual crystallization of the gum. After 
24 hours this was collected. The yield was0.6gm. An additional 
0.3 gm. was obtained by the addition of saturated ammonium 
sulfate to the mother liquor. The acid was dissolved by the addi- 
tion of a few drops of water to a suspension in warm acetone. 
After concentration it crystallized as compact prisms which melted 
at 246° with effervescence. The acid is sparingly soluble in dry 
acetone and chloroform and readily soluble in alcohol. 


[al = —74 (c = 0.377 in acetone-water (4:1)). 


For analysis and titration the substance was dried at 100° and 
15 mm. 


Sample a. 4.265 mg. substance: 3.053 mg. H,O, 10.645 mg. CO». 
= +b coe * " 7310 “ “* 10065 “* “ 
C23H320,. Calculated. Cc 68.27, H 7.98. 
Found. Sample a. ‘ 68.07, ‘ 8.01. 
“* b. “ 68.35, “* 7.94. 


10.830 mg. of substance were treated with 1 ce. of alcohol and 
directly titrated with 0.1 n NaOH against phenolphthalein. 
Found, 0.261 ee. Calculated for 1 equivalent, 0.268 ce. 

12.747 mg. of substance on direct titration required 0.317 ce. 
Calculated for 1 equivalent, 0.315 ce. 3.0 ec. of 0.1 Nn NaOH were 
then added and after being refluxed for 2 hours the mixture was 
titrated back. Found, 0.052 ce. or only 16.5 per cent of the 
theory for an extra equivalent. 

92.480 mg. of substance were heated in a sealed tube with 1 ee. 
of alcohol and 4.877 ec. of N NaOH at 130° for 53 hours and then 
titrated back. Found, 0.251 ec. Calculated for 1 equivalent, 
0.229 ec. The presence of a lactone group, therefore, could not be 
directly determined. 

In working up the acid fraction of this substance, dilute NaeCOs, 
which was definitely alkaline to phenolphthalein, was used and 
therefore a possibility appeared that saponification first occurred 
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and then relactonization after acidification on another carboxyl. 
In order to obviate such a possibility dilute NaHCO; was used to 
extract the acid, the solution never reaching an alkalinity sufficient 
to turn phenolphthalein. The acid obtained in this experiment 
proved to be identical in all respects with the above acid. 

In an attempt to detect the possible retention of the tertiary 
hydroxyl group in this acid, its behavior towards HCl was exam- 
ined as follows: 0.1 gm. of the acid was dissolved in 2 ec. of HCl 
(1.19) at 0°. After 15 minutes the solution was diluted, which 
caused the separation of some amorphous material. The filtrate on 
treatment with ammonium sulfate solution deposited a crystalline 
substance which was recrystallized from dilute acetone. It 
melted at 247° and proved to be starting material. 


la) = —75 (c = 0.36 in acetone-water (4:1)). 


4.360 mg. substance: 3.250 mg. H20, 10.870 mg. CO:. 
Found. C 68.00, H 8.34. 


With the idea that the neutral a-dioxo compound might be inter- 
mediate in the formation of this acid the attempt was made to 
reoxidize the former with CrO;. No acid product was obtained 
and a-(oxodihydrodigitoxigenon) was recovered. 

Methyl Ester of the Acid, C2;H3.0..—This was prepared from the 
acid with diazomethane in acetone solution. On reerystallization 
from dilute methyl alcohol it formed platelets which melted at 212°. 


4.337 mg. substance: 3.230 mg. H.0, 10.960 mg. CO. 


3.772 * _ : 2.140 “ Agl. 
CxuHsOs. Calculated. C 68.86, H 8.19, OCH; 7.41. 
Found. ** 68.92, “8.33, “ 7.49. 


Isogitoxigenin Benzoate.—Isogitoxigenin was benzoylated in 
pyridine solution with an excess of benzoy! chloride. The mixture 
was allowed to stand about 18 hours and then poured into dilute 
H.SO,. The benzoate readily crystallized from alcohol as needles 
which melted at 248°. 

For analysis the substance was dried at 100° and 15 mm. 


5.088 mg. substance: 3.520 mg. H2O, 13.550 mg. CO». 
C30H3s0c. Calculated. Cc 72.83, H 7.75. 
Found. “* 72.63, ‘* 7.73. 
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Gitoxigenin Dibenzoate—Gitoxigenin was benzoylated under 
conditions identical with those used in the case of isogitoxigenin. 
The substance proved to be a dibenzoate as already reported by 
Cloetta (4) and Windaus and Schwarte (4). 


4.867 mg. substance: 3.125 mg. H.O, 13.188 mg. CO». 
C3;HwO;. Calculated. C 74.21, H 7.08. 
Found. ‘¢ 73.91, ‘* 7.18. 


Dihydrodigitoxigenon.—Dihydrodigitoxigenin was oxidized in 
80 per cent acetic acid solution with aqueous CrO;. After 15 
minutes at 8° the diluted mixture was extracted with chloroform. 
After the extract was washed with water and dilute carbonate the 
ketone was readily obtained on concentration. It formed needles 
from dilute acetone which melted at 160—162°. ; 


4.605 mg. substance: 3.750 mg. H,O, 12.505 mg. CO». 
Co3H 3404. Calculated. C 73.75, aH 9.15. 
Found. ** 74.06, “ 9.11. 


The acid fraction which was extracted with dilute carbonate was 
negligible in amount. 

The ketone was gently sapanified by solution in 2 per cent 
NaOH to which a half volume of aleohol was added. After dilu- 
tion and gentle acidification with acetic acid it slowly crystallized. 
This effervesced at 163° and proved to be starting material and 
not an anhydro derivative as in the case of the corresponding 


dihydrogitoxigenin derivative. 


5.260 mg. substance: 4.420 mg. H.O, 14.300 mg. CO. 
Found. C 74.14, H 9.39. 
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TIGOGENIN, A DIGITALIS SAPOGENIN. 
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New York.) 
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Digitonin and in smaller amount gitonin are the principal sapon- 
ins of digitalis seeds. In recent work Windaus (1) and coworkers 
have made observations which indicate that still other saponins 
must be present. Although the latter were not isolated as such 
their presence was detected by the isolation of characteristic 
degradation products. When the pure sapogenins, digitogenin or 
gitogenin, were oxidized with chromic acid only acid substances, 
digitogenic acid and gitogenic acid were obtained respectively, 
with no neutral by-products. If, however, a digitogenin was used 
which had been obtained from crude digitonin, then an appre- 
ciable amount of neutral fraction was secured. Most of this con- 
sisted of a diketone, C2osH330,, which was presumably an oxidation 
product of a dihydroxy compound, CxgH»O,, an isomer of gitogenin 
and in which the hydroxy] groups are not vicinal as in gitogenin. 
In still much smaller amount a neutral monoketone was obtained 
which was apparently an oxidation product of the secondary 
alcoholic group of still another sapogenin, C2sH».O;, and therefore 
isomeric with sarsapogenin. The sapogenins themselves were not 
isolated. 

These conclusions have been substantiated in the case of the 
sapogenin, C2g.H4O3, by the following observations which we have 
been able to make. In connection with one of our problems we 
have had occasion to prepare gitogenin by the hydrolysis of the 
saponin which we had collected in the course of the preparation 
of the cardiac glucosides from the leaves of Digitalis purpurea. 
Crude gitonin was found to crystallize in characteristic leaflets 
on concentration of the purified 50 per cent alcoholic extract of 
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the leaves. When the crude saponin was hydrolyzed, the result- 
ing sapogenin was found to melt too low for gitogenin and the 
analytical figures were consistently high in carbon. It was then 
found possible to separate the contaminant from gitogenin by 
taking advantage of the greater solubility of the former in petrolic 
ether. By this means gitogenin was readily obtained in pure 
form. The more soluble substance was also readily purified and 
on analysis proved to possess the formula C2gH..O03. This sub- 
stance, which may be conveniently called tigogenin, proved to 
be a secondary alcohol yielding on oxidation a ketone which is 
probably identical with the ketone, C.s.H,O;, of Windaus and 
Willerding. Tigogenone yielded a monooxime. Tigogenin gave 
a monoacetate and a monobenzoate. As in the case of digitogenin 
and gitogenin, the remaining two oxygens cannot be characterized 
directly and appear to be of oxidic character. 

A comparison of sarsapogenin from the saponin of sarsaparilla 
root as well as its ketone sarsapogenone with tigogenin and its 
derivatives has shown that these sapogenins are isomeric. The 
substances which resulted by the reduction of the ketones accord- 
ing to the method of Clemmensen also proved to be different. 


EXPERIMENTAL. 


Tigogenin.—2 kilos of Digitalis purpurea leaves, after prelimi- 
nary extraction with water, were extracted twice with 6 liters of 50 
per cent alcohol. The alcoholic extracts were precipitated with 
basic lead acetate, and the filtrate was freed from the excess of ' 
lead by careful addition of ammonium sulfate. The filtrate from 
PbSO, was concentrated under diminished pressure to remove the 
alcohol. The shining platelets which separated were collected 
with water. This product, which contained considerable colored 
impurity, was dissolved in a mixture of 500 cc. of 50 per cent 
alcohol and 50 ec. of HCl (1.19). The solution was refluxed for 3 
hours and on cooling a dark green product was obtained. This 
was collected with water and then dissolved in 100 cc. of alcohol 
and 15 ce. of concentrated HCl and the solution was again heated 
for3 hours. The crystals which separated on dilution with water 
were repeatedly recrystallized from a small volume of alcohol until 
the product was freed from colored impurities. This procedure 
yielded 1.3 gm. of a mixture of tigogenin and gitogenin which 
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melted between 240 and 250°. An additional amount of this 
mixture of genins was obtained by extraction of the lead sulfate 
precipitate with 50 per cent alcohol and working up this extract in 
a manner similar to that outlined above. 

A chloroform solution saturated with this mixture at room tem- 
perature was precipitated by the addition of 2 volumes of petrol 
ether (b.p. 40-60°). This precipitate consisted of gitogenin which 
was still slightly contaminated since it melted at 260—262°. 


4.800 mg. substance: 4.280 mg. H:O, 13.100 mg. CO;. 
CosHyO,. Calculated. C 74.58, H 10.12. 
Found. ** 74.43, “ 9.98. 


The mother liquor was evaporated to dryness and the process 
was repeated until no more gitogenin could be obtained. The final 
residue was recrystallized several times from acetone from which it 
separated in the form of prisms which melted at 203-204°. About 
30 to 40 per cent of the mixture of genins was found to be tigogenin. 

Tigogenin is soluble in all of the ordinary solvents. It proved to 
be more soluble in acetone, ether, ligroin (b. p. 80-90°), and petrol 
ether (b.p. 40-60°) than is gitogenin. This difference in solubility 
is most marked in the case of petrol ether (b.p. 40-60°). 

The cholesterol test gave a light yellow color which turned to a 
reddish brown when the solution was warmed. 


lal” = —49 (c = 1.023 in pyridine). 
For analysis the substance was dried at 100° and 30 mm. 


4.856 mg. substance: 4.632 mg. H.20O, 13.847 mg. CO». 
4.907 “ = 74705 “ “~ 139050 “* * 
CoH 420s. Calculated. C 77.55, H 10.52. 
Found. (a) ‘‘ 77.77, ‘* 10.67. 
(6) ‘** 77.53, “* 10.72. 


The molecular weight determination was made according to the 
method of Rast. 


30.547 mg. camphor: 3.118 mg. anhydrous substance, A = 11.75. Mol. 
wt. calculated, 402.3; found, 382. 


Tigogenin Acetate.—A solution of 0.2 gm. of tigogenin and an 
equal amount of fused sodium acetate in acetic anhydride was 
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refluxed for 5 hours. After dilution with water the acetate 
separated in the form of shining plates. After recrystallization 
from alcohol it melted at 200-202°. 


[a]’* = —57 (c = 1.023 in pyridine). 


4.365 mg. substance: 3.912 mg. H:0O, 12.110 mg. COs. 
4.880 ‘ - ie *“ pa“ * 
CogsH Ox. Calculated. Cc 75.62, H 9.97. 
Found. (a) ‘ 75.67, ‘* 10.03. 
(b) ‘ 75.83, ‘* 10.20. 


Tigogenin Benzoate.—A benzene solution of 0.1 gm. of tigogenin 
was refluxed for 2 hours with an excess of benzoyl chloride and 
pyridine. After concentrating the washed benzene solution, the 
residue was recrystallized from acetone. The benzoate separated 
in the form of plates which melted at 224—225°. 


[a}* = — 37 (ec = 1.027 in pyridine). 
3.965 mg. substance: 3.360 mg. H.O, 11.410 mg. CO. 
3.367 “ce “ : 2.860 “cc “ 9.690 “cc “ 


C33H4s04. Calculated. C 78.21, H 9.16. 
Found. (a) ‘ 78.48, ‘ 9.48. 
(b) “* 78.49, “ 9.53. 





Tigogenone.—An acetic acid solution of 0.1 gm. of CrO; was 
added to a solution of 0.3 gm. of tigogenin in 10 ce. of acetic acid 
and the reaction mixture was heated on a steam bath for } hour. 
The solution was then diluted with 2 volumes of water and the 
product extracted with ether. The washed ether solution was 
evaporated to dryness and the residue was recrystallized from 
acetone. The substance separated in the form of plates which 
melted at 206-207° (204—205° according to Windaus (1)). 


[«]* = —35 (ec = 1.000 in pyridine). 


4.810 mg. substance: 4.315 mg. H:O, 13.785 mg. COs. 
5.447 “ 53 : 4.960 “ “ 15.620 “* “* 
CogH 400s. Calculated. Cc 77.94, H 10.07. 
Found. (a) “ 78.15, ‘* 10.04. 
(b) ‘‘ 78.22, “ 10.19. 


Tigogenone Oxime.—A solution of 0.1 gm. of tigogenone in 
absolute alcohol was refluxed with an excess of hydroxylamine 
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hydrochloride and sodium acetate for 3 hours. The alcohol was 
then removed and the residue was recrystallized from acetone. 
The oxime separated in the form of needles which melted at 256- 
258° with decomposition. 


3.973 mg. substance: 3.595 mg. HO, 10.992 mg. €O:. 
4.212 ‘ " sta" * nese * 
5.000 ‘‘ “ : 0.142 cc. N (28°, 759 mm.) 
C.sHy0O;N. Calculated. C 75.13, H 9.95, N 3.37. 
Found. (a) ‘ 75.46, “‘ 10.12. 
(b) “* 75.47, ‘ 10.24. 
(c) N 3.22. 


Reduction of Tigogenone by Clemmensen’s Method.—A solution 
of 0.1 gm. of tigogenone in 10 cc. of acetic acid was refluxed with 
4 gm. of amalgamated zine and 2 ce. of HC] (1.19) for} hour. The 
solution was diluted with 3 volumes of water and extracted with 
ether. The residue from this extract was crystallized from ace- 
tone. The product was recrystallized from methyl alcohol from 
which it separated as leaflets which melted at 265-267°. The yield 
was very poor. 


4.050 mg. substance: 4.095 mg. HO, 12.065 mg. CO>. 
1.283 ‘‘ - ca ele .hUF 
C2sH4.02. Calculated. C 80.76, H 10.96. 
Found. (a) ‘* 81.24, “ 11.30. 
(b) “ 80.35, * 10.92. 


Sarsapogenone.—0.3 gm. of sarsapogenin, which had been pre- 
pared (2) from commercial Honduras sarsaparilla root, was dis- 
solved in 10 ee. of acetic acid. This was oxidized according to the 
procedure used in the case of tigogenin. The product was finally 
recrystallized from acetone from which it separated in the form of 
shining plates which melted at 220-222°. 


[a = —46 (c = 1.027 in pyridine). 


4.334 mg. substance: 4.020 mg. H.2O, 12.438 mg. CO». 
3.956‘ - 300“ *“ nHee* * 
CsH4oO3. Calculated. C 77.94, H 10.07. 
Found. (a) “ 78.27, ‘ 10.38. 
(b) ‘* 78.20, ‘* 10.37. 
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Sarsapogenone Oxime.—The oxime was prepared as in the case 
of tigogenone. The product was recrystallized from acetone from 
which it separated in the form of plates which melted at 126-128". 


3.967 mg. substance: 3.590 mg. H.O, 10.992 mg. CO:. 
4.716 “ ae | h 6! lhc CU 
5.410 ‘ ws : 0.155 ec. N (27°, 759.5 mm.). 
Cx6HyO;N. Calculated. C 75.13, H 9.95, N 3.37. 
Found. (a) ‘“‘ 75.55, ‘* 10.12. 
(b) ‘* 75.56, ‘ 10.11. 
(c) N 3.26. 
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INTRODUCTION. 


The need for an accurate method for determining the pH of small 
amounts of biological fluids with a minimum expenditure of time 
has resulted in considerable search for a substitute for the hydro- 
gen electrode. Colorimetric methods for determining the pH of 
serum and plasma were especially devised to meet this need (1, 2). 
But several investigators (3-5) have been unable to obtain 
reliable results with the colorimetric procedure, and the methods 
have come to be regarded as insufficiently accurate for careful 
experimental work. The quinhydrone electrode seemed worthy 
of consideration. Although its use in whole blood is still a mooted 
question, most investigators agree that it can be used successfully 
with human serum and plasma. In view of the fact that the dog 
is so widely used as an experimental animal, we were prompted to 
make a critical study of the applicability of this method to dog 
serum. 38° was selected as the working temperature since all 
conversions of the pH of serum from 20-38° are subject to a tem- 
perature correction which on theoretical grounds alone should not 
be regarded as constant under a variety of experimental condi- 
tions. 


* This paper constitutes a thesis submitted to the Graduate School of the 
University of Pennsylvania in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy. The investigation was carried out under 
the direction of Dr. D. Wright Wilson. 
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Theoretical. 


The theory of oxidation-reduction potentials and their relation 
to pH has been discussed many times by different writers. The 
reader is therefore referred to the excellent reviews on the subject 
by Clark (6, 7) and by Biilmann (8). In acid or weakly alkaline 
solutions, the simplified equation for the quinhydrone electrode is 


as follows: 


T 
Ey = Eq+ “In [H+] (1) 


where Eg is the characteristic constant of the quinhydrone system 
expressed in volts. At 20° the value is 0.7029 and at 38° 0.6896 
(Clark (6)). We were able to duplicate these values repeatedly 
in standardizations of the electrode by means of buffer solutions. 

Blood serum is just alkaline enough to be slightly beyond the 
range where the simplified equation holds, but it is possible to 
apply a correction factor, E.. The modified equation becomes: 


RT 
E, = Egt+ Ec + - In [H*] (2) 


Thus, while £, remains zero in acid solution, in going up the pH 
scale beyond 7.0 it assumes a gradually increasing positive value. 
The point on the pH scale where this occurs is shifted by the tem- 
perature at which the electrode is used. For example, at 20° in a 
0.2 m phosphate buffer solution, the point where , begins to be 
appreciable in value is about pH 7.6; at 38° the point is about pH 
7.0. It becomes at once apparent that at 20° it is possible to 
determine the pH of most biological fluids with the quinhydrone 
electrode on the assumption that £, remains zero (9, 10). At 38°, 
however, this assumption cannot be made. Since £, is a function 
of the pH it was determined experimentally at 20° and 38° in the 
range 7.0 to 8.0 with a series of phosphate buffers of known pH. 
The results of these standardizations are the two curves shown in 
Fig. 1 (ef. La Mer and Parsons (11)). 

Calculation of pH from Quinhydrone Electrode Readings.— 
Routine calculations are made by the use of the following equation 
derived from Equation 2. 


— (E.M.F. + sat. cal.) + E- (3) 
0.0001983 T' 0.0001983 7 





E 
pH = —2 
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where E.M.F. represents the observed voltage, and (£.M.F. + @gat. cal.) 
= E,. The above equation may serve at any temperature, 
provided the proper values of Lg and gst. cai, are used. If the 
pH is to be determined within the range where £, is appreciable, 
it has been customary to proceed as follows: (1) Caleulate the 
approximate pH of the solution with the above equation, /, being 
assumed to be zero. (2) From one of the curves in Fig. 1 read off 
E. corresponding to this pH. (3) Add to the approximate pH this 
value of Z, (expressed in pH units). The pH thus determined is 
assumed to represent the pH of the solution. 


Millivelts pH units 











67 68 63 70 TW 12 4° 4 15 16 77 18 WO 8 
P 


Fig. 1. The variation of EF. with pH at 20° and 38°. pH units (ordinate) = 
E. : 


0.0001987"” 


Apparatus. 


The hydrogen electrode apparatus and accessory equipment were 
standard. The chambers were the Clark-Cullen 2 ce. rocking type. 
The saturated calomel half-cell was the standard reference cell. 
Duplicate set-ups were available for simultaneous determinations 
at 20° and 38°. 

For the quinhydrone electrode, special micro capillary chambers 
of Pyrex glass, having a capacity of about 0.1 ec., were devised. 
These chambers consisted of a barrel large enough to admit the 
glass tube carrying the electrode, and an accurately centered 
capillary 25 mm. long and 1.5 mm. in diameter. The end of the 
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capillary was constricted somewhat to diminish diffusion of KC] 
into the capillary, and to keep solid quinhydrone from dropping 
out. The electrodes of 1 mm. gold or platinum wire were 20 mm. 
long and sealed with special glass into glass tubing. The lead was 
soldered directly to the electrode. No mercury connections were 
used. When the electrode was put into the chamber, the end was 
about 10 mm. from the end of the capillary. Fig. 2 shows a sketch 
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Fig. 2. A, details of the quinhydrone electrode and capillary chamber; 
B, filling device. 


of the chamber and the electrode. The chambers were filled by 
forcing the liquid up into the capillary from a tonometer by means 
of a mercury leveling bulb. The device for accomplishing this 
without loss of CO, is shown in Fig. 2. The electrode and vessel 
are similar in general design to those recently described by Gesell 
(12) who also makes use of an auxiliary device for forcing the liquid 
into the chambers. We feel that the use of a plunger type 
described by Cullen (13) where liquid fills the chamber due to 
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decreased pressure within the chamber may cause loss of COs. 
In certain poorly buffered fluids like pancreatic juice, the effect of 
such loss of CO2 has been shown to occur 


Methods. 


The hydrogen electrode analyses were standardized with 0.1 n 
HCl, a pH of 1.076 at 20° and 38° being assumed, and e for the 
entire reference system consisting of the saturated calomel cell 
plus liquid junction potential was calculated to be 0.2358 volt at 
38° and 0.2475 volt at 20°. Hydrogen electrode determinations 
of serum were made with the Hasselbalch technique. 


TABLE I. 
Comparison of pH of Artificial Serum As Determined by Hydrogen and Quin- 
hydrone Electrodes at 38°. 














Bapeiment | pHy, pHg PHA — pHg 
Buffered —_ with | 1 | 7.414 7.39 +0.02 
phosphate. | 2 | 7.512 7.52 | 0.01 
| 3 | 7.380 7.35 | 40.03 
| | 
Unbuffered. / ot | 7.462 7.34 | +0.12 
| | 7.574 7.50 | +0.07 
3 | 7.475 7.42 +0.06 





The electrodes for the quinhydrone determinations were always 
polished on cork with fine emery before use. After being used on 
serum, they were put overnight in cleaning solution and then for a 
day in distilled water. The c.p. platinum electrodes advised by 
Cullen (13) were found to be no better than those made from 
ordinary platinum wire. In regard to the use of gas flames in the 
preparation of the electrodes, we have not detected any poisoning 
such as might be revealed by erratic behavior. 

In making quinhydrone determinations, the following procedure 
was adopted. Dry quinhydrone was dusted into the capillary 
chamber with a medicine dropper, care being taken to get approxi- 
mately the same amount into each. Then the electrode was 
inserted and connection made to the lead-off wire. In order to 
prevent waste of material and loss of CO, in transfer, the stop- 
cock (Fig. 2, B) with rubber nipple to accommodate the electrode 
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chamber was fitted to the tonometer containing the serum. After 
the system was filled with serum and a small amount allowed to 
run out, the apparatus was ready for use. When a quinhydrone 
chamber was put in place, the stop-cock was opened slowly and 
serum allowed to flow into the capillary. The serum was thus 
forced up beyond the glass seal of the electrode. As soon as the 
chamber was filled it was suspended in a saturated KCl bridge, 
so as just to touch the surface of the KCl, and the voltage read on 
the potentiometer. Excess serum remaining in the nipple and 
dead space below was sucked off by vacuum on turning the stop- 
cock through 180°. The electrode was tested for the effect of KCl 
diffusion and loss of CO. No noticeable diffusion of KCl into the 
capillary occurred within 10 minutes, which is ample time for any 
determination. Loss of CO. was studied with an “artificial 
serum” equilibrated at 40 mm. of CO, tension, consisting of 0.082 
mM NaCl, 0.022 m NaHCOs, and, where buffer was desired, 0.055 m 
NaH2PO, to give it the buffer capacity of serum. Comparative 
determinations by the hydrogen and quinhydrone electrodes were 
made. Table I gives the results of six such experiments. The 
results with the quinhydrone electrode used on solutions having the 
buffer capacity of serum checked with those of the hydrogen elec- 
trode quite closely. This was not the case, however, with the 
unbuffered artificial serum. 

Fig. 3 shows the behavior of the quinhydrone electrode in 0.2 
M phosphate buffers, buffered artificial serum, and unbuffered 
artificial serum. Although the drift of the electrode in buffered 
artificial serum is noticeable, and goes in an alkaline direction, 
which might indicate some loss of COs, this is nevertheless slight 
and insignificant when compared with a drift in blood serum due 
to other causes. But in the unbuffered artificial serum, the elec- 
trode exhibits not only an unmistakable drift due apparently to loss 
of CO:, but also very erratic behavior. This confirms the findings 
of Cullen and Earle (9) and Kolthoff (14, 15). 

For the experiments described below, blood was drawn from 
dogs by heart puncture and collected under oil. If serum was 
desired, the blood was allowed to clot in centrifuge tubes; if 
plasma, enough of a concentrated solution of K,C,0, and NaF 
3:1 was added to make a 0.4 per cent solution of the mixed salts. 
It is a curious fact that hemolysis of dog blood seldom occurs when 
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a concentrated solution of anticoagulant is used, while some 
hemolysis nearly always is evident when the dry salts are mixed 
with the blood. The blood was centrifuged under solid paraffin 
for 20 minutes. The supernatant serum or plasma was drawn off 
and stored in tonometers over mercury. Transfer was made 
directly from the tonometers into the hydrogen and quinhydrone 
electrode chambers. 


Millivolt Phosphate Butter pH 7.29 






+8 


+6 , 
Artificial Serum pH 7.41 


+2 
Unbuttered Artificial Serum pH 7.46 


+4 
+2 


#0 «620 0«—430 50 60 70 100 0 120 130 
Seconds 


Fig. 3. The drift of the quinhydrone electrode in certain solutions of 
inorganic salts. 


EXPERIMENTAL, 


Use of Quinhydrone Electrode on Serum. 


In attempting to determine the pH of serum and plasma with 
the quinhydrone electrode at 38°, a striking fact presented itself. 
As soon as the quinhydrone was mixed with serum, a very pro- 
nounced drift toward more acid pH occurred which was accom- 
panied by the formation of a pale to deep red color in the capillary. 
This drift was presumed to be due to a side reaction whereby some 
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constituent of the serum, possibly the protein, combined either 
with oxidant or reductant. Reimers (16) in some test-tube experi- 
ments has shown that a reaction producing a reddish brown pre- 
cipitate occurs with most protein solutions and quinone, but not 





PH 20 Degrees Millivolts 


752 : 8 


38 Degrees 


71.01 22 


20 


Seconds 


Fic. 4. The drift of the quinhydrone electrode in dog serum at 20° 
and 38°. 


hydroquinone. In addition it was observed that the rate of drift 
and the degree of color formation were directly proportional to the 
excess amount of quinhydrone added to the capillary. If the 
excess quinhydrone over the amount necessary to saturate the 
serum was great, the drift was increased; if the excess was small, 
the drift was much reduced. In Fig. 4 are shown the drifts of the 
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quinhydrone electrode in serum at 38° and 20°. The broken lines 
represent determinations where the excess of quinhydrone was 
slight, while the solid lines represent cases where larger amounts 
were used. Whereas the drift at 38° varies from 0.02 to 0.04 pH 
in 15 seconds, to 0.2 pH in 1 minute, at 20° the observed voltage 
sometimes remains constant over a period of 30 to 40 seconds be- 
fore an acid drift begins. It becomes obvious from these results 
why previous investigators have made observations at room 
temperature. 

Because of the great drift at 38°, no reliable determinations could 
be made unless the time relations were closely observed. This 
necessitated special technique. As soon as the serum was forced 
up into the capillary from the tonometer to mix with the quin- 
hydrone, a stop-watch was started and the electrode suspended in 
the KCl bridge. Then a reading on the potentiometer was made 
as rapidly as possible. This interval of time usually averaged 15 
seconds, with a single operator. Two more readings were made at 
15 seconds intervals, and frequently a third 30 seconds later. 
By plotting the time against the voltage reading, the lines shown 
on the graph were obtained. In order to approximate the voltage 
of the electrode at the moment when contact of the quinhydrone 
with the serum first occurred, extrapolation to zero time was 
resorted to. It is to be emphasized that extrapolation to zero 
along straight lines is probably not entirely correct, but the fact 
remains that too little is known about the behavior of the electrode 
in the first few seconds after the quinhydrone has come in contact 
with the serum to make a mathematical curve extrapolation 
justifiable. The extrapolated values usually ranged from 0.02 to 
0.04 pH more alkaline than the first reading at 15 seconds after 
mixing, and were assumed to represent the pH of the serum before 
any complicating side reaction could occur. The lines extra- 
polated toward zero time always converged. The scattering of the 
extrapolated values was 0.04 pH. Deviations from the average 
readings of six or seven different electrcdes were rarely greater than 
0.02 pH. In fact, a series always grouped itself so that when 
occasional single erratic results did occur, they could be ignored. 
It must be emphasized, however, that in a system where such 
violent drifts do occur, single determinations are of doubtful 
value. On this account usually from four to six determinations 
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were made and occasionally from ten to twelve. When one is 
working in this way, each comparison of the pH of serum by the 
hydrogen and quinhydrone ‘electrode represents two hydrogen 
electrode values which in 90 per cent of the cases checked each 
other within 0.01 pH, and generally five or six quinhydrone deter- 
minations. The difference between the average values obtained 
by the two methods was taken to represent the deviation of the 


TABLE II. 
Typical Experiments Which Illustrate Comparative pH Determinations of 
Dog Serum at 38° by Hydrogen and Quinhydrone Electrodes. 















































| Rote elec- Quinhydrone electrode. | 
es Date. ; na ee 
No. | | Q 
pH Ave Singeade pH —— 
1929 | 
7 Aug. 5 | 7.390 | Aul 7.33 | 7.34 
7.387 | 7.389| Au6 | 7.35} 7.36 
Au 2 7.34 | 7.33 
Pt 5 | 7.34 | 
Pt X| 7.34 | 7.34) +0.05 
8 Aug. 6 | 7.321 Au 8 7.29 | 7.28 
: 7.324 | 7.322 | Au7 7.29 
Au 3 7.29 | 7.29 | 
Pt 3 7.29 
Pt 1 7.30 | 7.29 | +0.03 
2 July 18 | 7.279 Au6 | 7.27| 7.27 
7.279 | 7.279 | Aud 7.28 | 7.29 
Aul 7.25 | 7.28 
| | Au8 | 7.25| 7.27| 7.27 | +0.01 





quinhydrone electrode reading from the true pH of the serum. 
Table II represents several typical comparisons. The individual 
quinhydrone electrodes of gold or platinum are designated by 
numbers. All pH calculations for the quinhydrone electrode 
reported in this paper were made from potentials extrapolated to 
zero time. 

Table III shows-comparative data on the pH of dog serum and 
plasma of normal dogs by the hydrogen and quinhydrone elec- 
trodes. Except in one isolated case, the quinhydrone electrode 
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TABLE III. 
Comparison of pH of Serum and Plasma of Normal Dogs at 38° by Hydrogen 
and Quinhydrone Electrodes. 











Dos Date. | pH | pHg ey Remarks. 
1929 | | 
2 | July 3| 7.336 | 7.32 +0.02*) Animal pregnant. 
“ 10 | 7.239} 7.20 | +0.04 | 
« 18| 7.305| 7.27 | +0.04 | 
3 “ 11 | 7.322) 7.27 | +0.05 | Slight hemolysis. Wk. after 
Aug. 7 | 7.340 | 7.28 | +0.06 injection of NaCN. 
“ 14} 7.306; 7.30 | +0.01 
4 July 12 7.336 | 7.31 +0.03 
6 “ 17! 7.361 | 7.35 | +0.01 | Slight hemolysis. 
“ 24 | 7.368 | 7.36 | +0.01 
7 Aug. 5 7.389 | 7.34 | +0.05 
9 | 7.354} 7.30 | +0.05 | NaF added to serum. 
8 “ 6] 7.321 | 7.29 | +0.03 ° Se. 
11 Nov. 1 7.351 | 7.30 | +0.05 
“ 15 | 7.410| 7.36 | +0.05 
1930 
Jan. 16 | 7.368 +0.06 


Feb. 19 | 7.388 
Apr. 4] 7.378 


+0.04 | 48 hrs. after 1 percent hemor- 
+0.06 rhage. 


ow w 
do oe 

















12 Dec. 27 | 7.323! 7.26 | +0.06| Blood kept at 38° 35 min. 
“ 13 | 7.385 | 7.32 | +0.06 before centrifuging. 
1980 
Feb. 14 7.381 | 7.36 | +0.02 
“ 15 | 7.425| 7.42 | +0.01 | Mixture of serum and plasma. 
15 | Jan. 24 | 7.358| 7.34 | +0.02 
Feb. 24 | 7.353| 7.34 | +0.01 
16 “ 12| 7.390| 7.38 | +0.01 | Mixture of serum and plasma. 
“ 12 | 7.363 | 7.35 | +0.01 | Plasma. 
“ 25 | 7.482) 7.44 | -—0.01 ” 
17 Mar. 4) 7.400} 7.38 | +0.02 “ on ice overnight. 
_ 5 | 7.455 | 7.44 | +0.02 ° 
Apr. 17 | 7.352 | 7.32 | +0.03 
18 Mar. 6 7.480 | 7.47 | +0.01 | Plasma. 
Boiss ccs tecnseeucusness +0.03 








* Serum was used unless otherwise specified. 
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always gave pH values which were more acid than those obtained 
by the hydrogen electrode. We have chosen to call this difference 
between the hydrogen and quinhydrone pH values, the Q correc- 
tion throughout the remainder of the paper. The data are 
arranged to show variation of this correction in individual animals. 
In thirty-six normal samples from twelve dogs (see also Tables 
VII and VIII) the Q correction averaged +0.03 pH with a maxi- 
mum spread extending over 0.08 pH. If we assign +0.03 pH as 
the constant correction of the quinhydrone electrode for normal 
dogs, then 78 per cent of all the determinations check the hydrogen 
electrode within +0.02 pH and 95 per cent within + 0.03 pH. 


Effect of Hemorrhage or Injection of Sodium Cyanide. 


In view of the experience in this laboratory with the colori- 
metric method on dog serum and plasma after hemorrhage (3, 5), 
some experiments were carried out to see whether hemorrhage or 
injection of NaCN would cause a variation in the Q correction. 
Gesell and Hertzman (17) in their continuous recording experi- 
ments on the pH of dog blood with the manganese dioxide elec- 
trode, found after hemorrhage, and especially after injection of 
0.01 m NaCN, that the MnO, electrodes became erratic, but in 
general, the quinhydrone electrodes agreed with the hydrogen 
electrode values within 0.05 pH or less. Only occasionally was a 
larger deviation observed. 

If hemorrhage affects the quinhydrone electrode, it may do so in 
two ways: (1) by lowering the protein concentration through 
dilution which in turn decreases the buffer capacity of serum; (2) 
by piling up metabolites resulting from insufficient oxidation. 
These two effects do not occur simultaneously. The protein con- 
centration does not reach its lowest ebb until 18 to 24 hours after 
the hemorrhage, when influx of tissue fluids low in proteins has 
restored the blood volume. Metabolites, on the other hand, pile 
up rapidly, so that the blood may become more acid than normal 
within 20 to 30 minutes after hemorrhage. Whether the magni- 
tude of the acid change is a direct measure of the quantity of metab- 
olites present has not been shown, although such a presumption 
appears probable. 

In the five experiments, in Table IV, the effect of hemorrhage on 
the Q correction was studied. In no case was there a change in the 
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Q correction sufficiently great to be attributed to the immediate 
effects of the hemorrhage. 24 hours after hemorrhage, when the 
colorimetric corrections always ran low, it was thought that the Q 
correction might be high due to diminution of the buffer capacity 


TABLE IV. 
Effect of Hemorrhage on Quinhydrone Correction. 





|pHy — | 
| PHQ | 
1929 | | _ 
Dog 2, 16.8 July 18 | 7.305) 7.27 | +0.04| Normal. 
kilos. | 7.279 7.27 | +0.01) 80 min. after 2.6 per cent 
| | hemorrhage. * 
= i 7.309, 7.23 | +0.08 24 hrs. after 3.1 per cent 


| | | 
| Date. PHA, | pHg Remarks. 








hemorrhage. 


Dog 6, 6.7. July 24 | 7.368) 7.36 | +0.01) Normal. 














kilos. 7.380 7.35 | +0.03, 130 min. after 1.9 per cent 
| | hemorrhage. 
“ 95 | 7.390) 7.38 +0.01) 24 hrs. after 3.2 per cent 
| | hemorrhage. 
Dog 7, 18.2; Aug. 9 | 7.354) 7.30 | +0.05; Normal. 
kilos. | 7.297 7.25 | +0.05) 20 min. after 3.3 per cent 
hemorrhage. 
“12 | 7.331) 7.32 | +0.01) 3 days after hemorrhage. 
| 1930 
Dog 15, 19.7 | Jan. 24 | 7.358) 7.34 | +0.02) Normal. 
kilos. | “ 25 | 7.438) 7.41 | +0.04 24 hrs. after 3 per cent 
hemorrhage. 
“ 29 | 7.382) 7.36 | +0.02| 4 days after hemorrhage. 
Dog 17, 14) Apr. 17 7.352) 7.32 | +0.03) Normal. 
kilos. | | 7.260) 7.20 | +0.06) 30 min. after 3.5 per cent 
| | hemorrhage. 
° 2 | 7.408) 7.36 | +0.05) 24 hrs. after. 4 per cent 
| | hemorrhage. 








of the serum. Here again, no effect on the Q correction was noted 
except in the case of Dog 2. 

The immediate effect of hemorrhage on the occurrence of 
metabolites in the blood stream may possibly be correlated with 
the effect of NaCN injection. In this case also, oxidation is inter- 
fered with. Usually the blood becomes more acid very soon after 
the injection of 0.01 N NaCN. Since only two of our experiments 
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listed in Table V show a small acid change, it is not certain to 
what extent metabolites may have piled up. On the other hand, 
since we observed more or less severe hyperpnea in all dogs in- 
jected, and regarded it as a satisfactory indication of the NaCN 
effect, this may have somewhat masked the acid swing. In two 
experiments, the injection of NaCN did not affect the Q correction. 
In the last experiment (Dog 3), however, a change in the Q correc- 
tion appeared. The fact that in this determination the hydrogen 
electrode gave somewhat erratic results does not allow us to place 
too much weight on the experiment. 


TABLE V. 
Effect of Injection of Sodium Cyanide on Quinhydrone Correction. 
| Date. | pHy, 
| 1980 | 
Dog 7, 18.2| Aug. 5 | 7.389, 7.34 | +0.05 
kilos. 7.343, 7.33 | +0.01 





pHy, —| 


pHg Remarks. 


pHg 








Normal. 
5} min. after injection of 
18 ec. 0.01 m NaCN. 











Dog 8, 17.7| Aug. 6 | 7.321) 7.29 | +0.03, Normal. 
kilos. 7.331) 7.29 | +0.04 72 sec. after injection of 15 
| | ec.0.01m NaCN. 
Dog 3, 11.6| Aug. 7 | 7.340 7.28 | +0.06| Normal. 
kilos. 7.20" 7.19 | +0.12 45 sec. after injection of 
| 
| 


| 14.5 ce. 0.01 m NaCN. 
| Convulsions. 





* Single determination. 


Effect of Allowing Blood to Stand before Centrifuging. 


All sera for pH determinations were obtained from blood which 
had been allowed to clot at room temperature for about 10 minutes 
before centrifuging. It seemed possible that serum separated 
after longer contact with the corpuscles, especially if the blood was 
kept at high temperatures, might contain certain substances 
which would exert a disturbing influence on the quinhydrone 
electrode. To test this possibility, one sample of blood was drawn 
into cold centrifuge tubes, allowed to clot 10 minutes at room 
temperature, and the serum separated as rapidly as possible. A 
second sample was allowed to stand varying lengths of time both at 
room temperature and at 28-38°. The results of these experiments 








XUM 





E. P. Laug 565 


are given in Table VI. In four cases the quinhydrone correction 
rose. The incidence of glycolysis can be plainly seen upon com- 
paring the pH of the sera obtained by the routine method with the 


TABLE VI. 
Increase in Quinhydrone Correction of Serum When Blood Is Allowed to 
Stand at High Temperatures before Centrifuging. 





— 
Dog Date. pH, pHg pH Treatment of blood. 





1929 
11 Nov. 15 | 7.410 | 7.36} 0.05 | Kept at 22° for 10 min. to permit 
clotting, then centrifuged. 
7.385 | 7.31 | 0.08 | Kept at 28° for 25 min., then 
centrifuged. 

13 Nov. 22 | 7.369 | 7.30] 0.07 | Kept at 22° for 10 min. to permit 
clotting, then centrifuged. 
7.040 | 6.92} 0.12 | Kept at 30° for 1} hrs.; centri- 
fuged but serum not drawn 
from clot for 2 hrs. 

12 Dec. 13 | 7.384 | 7.32} 0.06 | Kept at 25° for 10 min. to permit 
clotting, then centrifuged. 
7.355 | 7.26} 0.10 | Keptat 29° for 18 min., at 25° for 


1930 lhr., then centrifuged. 
14 Jan. 11 | 7.262 | 7.23| 0.03 | Kept at 25° for 39 min., then cen- 
trifuged. 


7.257 | 7.22| 0.04 | Kept at 30°for 18 min., at 25° for 
14 hrs., then centrifuged. 

11 | Jan. 16 | 7.368} 7.31 | 0.06 | Kept at 20° for 10 min. to permit 
clotting, then centrifuged. 
7.335 | 7.26 | 0.07 | Kept at 25° for 1 hr., then cen- 
trifuged. 

15 | Jan. 24 | 7.358) 7.34] 0.02 | Kept at 20° for 10 min. to permit 
clotting, then centrifuged. 
7.264 | 7.25 | 0.01 | Kept at 38° for 3 hrs., then 








centrifuged. 

19 | Mar. 10 | 7.385 | 7.34{| 0.05 | Kept on ice for 3 hrs., then 
centrifuged. 

7.288 | 7.21 | 0.08 | Kept at 38° for 3 hrs., then 
centrifuged. 














pH of the sera which had been in contact with the clot for longer 
periods of time. Whereas in the case of Dog 13 the greatest in- 
crease in acidity seemed to be associated with the greatest rise in 
the Q correction, yet in Dog 15 an increase in acidity of 0.1 pH 
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occurred with no change in the Q correction. In Dogs 11, 12, and 
11 (repeated) increases in the Q correction were accompanied by 
only small increases in acidity. Thus, there appears to be little 
correlation between glycolysis and the increase in the Q correction. 
It is interesting to note that three experiments showed no change 
in the Q correction, even though in one of these, Dog 15, the blood 
stood 3 hours at 38° before centrifuging. 

Thus it appears that serum for pH work with the quinhydrone 
electrode should be separated as soon as possible from the cor- 
puscles. While blood is usually centrifuged promptly, these 


TABLE VII. 
Comparative pH Determination on Dog Serum and Plasma at 38° by Hydrogen 
and Quinhydrone Electrodes. 





pHy, - pHg 


pHy, pHy 
NE Sos etn Saab enon | 7. 381* 7.36 +0.02 
eit Aa Rete | 7.4922 | 7.39 40.03 
| 
8 ete ee 7.384 | 7.35 +0.03 
or a | 7.390 | 7.36 | 40.03 
| | 
Ee, eee ' 7.353 | 7.34 +0.01 
| 7.34 +0.02 


0 ER ee Pare yee | 7.357 


* The animal struggled during the collection of this serum sample. 
t Anticoagulant: 0.4 per cent mixture 3:1 potassium oxalate-sodium 
fluoride. 


results suggest that the equilibration of blood samples outside the 
body at 38° requiring considerable lengths of time may cause 
changes in the serum which may influence the Q correction. 


Serum and Plasma. 


The experiments listed in Table VII were performed to deter- 
mine whether the Q corrections for plasma are the same as for 
serum. Such was found to be the case. 

Incidentally, the last two experiments on the pH of serum and 
plasma lend further substantiation to the observations of Ross (18) 
and Bennett (19), who found no difference in pH between serum 
and plasma. This is not, however, in agreement with Kugelmass 
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(20) nor with Stuber and Lang (21), who found that clotting pro- 
duced an alkalinity due to absorption of hydrogen ions by the clot. 
But it must be pointed out that these latter investigators studied 
the mechanism of clotting with more or less purified mixtures. 
Their findings may not necessarily be strictly applicable to such 
complex systems as whole blood. 

First Acid Change. 

Recently, Havard and Kerridge (22) have published a series of 
determinations of the pH of human whole blood with the glass 
electrode. They made the very interesting and important obser- 
vation that blood, after being drawn, became 0.02 to 0.05 pH more 
acid within 2 to 8 minutes if kept at 38°. At lower temperatures, 
the change came on more slowly: in 6 to 14 minutes at 28°; in 1} 
hours at 18°. This acid change seemed not to be associated with 
clotting, since it occurred both before and after the blood clotted. 
Immediate chilling prevented the acid change altogether. The 
addition of NaF, while effective in preventing the later acid change 
observed by Evans (23), was non-effective. The acid change did 
not occur in separated serum or plasma, but did occur when 
corpuscles were added. Thus it appeared that the first acid 
change was due to an acid substance from the corpuscles. Pre- 
liminary experiments indicated that this acid substance was prob- 
ably not lactic acid. 

In view of our experience with blood kept at high temperatures 
before centrifuging, there was the possibility that the high Q cor- 
rections thus obtained might reflect the presence of disturbing 
substances produced from the corpuscles. With this in mind, a 
series of determinations was made to test the findings of Havard 
and Kerridge, with the hydrogen and quinhydrone electrodes, 
and to see whether there was any correlation between the first acid 
change and high Q corrections. It was found desirable in these 
experiments to use anticoagulants, since the low temperatures 
prolonged the clotting time of blood so greatly that the serum 
often clotted after centrifuging. One sample of blood was drawn 
into chilled centrifuge tubes kept in an ice bath; another sample 
was drawn into warm tubes kept at 38°. After standing at 30-35° 
for from 10 to 15 minutes, the warm sample was chilled, and both 
samples were centrifuged in the cold room. By this procedure 
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there was obtained a plasma sample from blood before and after 
the supposed first acid change. In every case, the pH of the 
plasma from the chilled blood was higher than that from the 
warmed blood. The data are given in Table VIII. 

Examination of the Q corrections shows that the appearance of 
the first acid change has left them unaltered. The relatively 
shorter exposures of the blood to high temperatures before centri- 
fuging and the use of anticoagulants seem to offer a possible 
explanation why in this series of experiments the Q corrections in 
the warm samples did not rise as they did in the earlier experiments 
of Table IV. 

TABLE VIII. 
First Acid Change in Shed Blood. 








pHy, ———_ pHg | a | Treatment of blood. 
7.432 44 | —0.01 | Chilled and centrifuged at 10°. 


+: 

7.392 0.040 7.41 —0.02 | Kept 13 min. at 36°, then chilled 
and centrifuged at 10°. 

7.452 7.44 +0.01 | Chilled and centrifuged at 10°. 
7.432 0.020 7.41 +0.02 | Kept 12 min. at 33°, then chilled 
and centrifuged at 10°. 

7.480 7.47 | +0.01 | Chilled and centrifuged at 10°. 
7.448 0.032 7.44 | +0.01 | Kept 15 min. at 30°, then chilled 
| and centrifuged at 10°. 














Quinhydrone Determinations at 20°. 


Comparisons by other investigators of the pH of serum at 20° 
by the hydrogen and quinhydrone electrodes have been confined 
largely to human material. A search through the literature has 
revealed only two references dealing with comparative determina- 
tions on dog serum at 20°. Cullen and Earle (9) report two 
experiments where the quinhydrone electrode averaged 0.09 pH 
more acid than the hydrogen electrode value. This is somewhat 
higher than the correction factor they found for human serum 
(0.06). They state, however, that in view of the discrepancies of 
the colorimetric method which occur in dog serum, more data 
must be accumulated before such a Q correction can be accurately 
known. The average of four values on one sample of dog 
plasma from Vellinger and Roche’s (24) paper, gives a Q correction 
of 0.11 pH. 
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In order to accumulate additional data on the Q correction of 
dog serum at 20° and especially to enable us to compare our results 
with the data in the literature at room temperature, the pH of a 
series of dog sera was determined by the hydrogen and quinhydrone 
electrodes at 20°. It was found that the drift of the quinhydrone 
electrode was considerably less at 20°. Except in a few cases, the 
drift was not apparent until about 30 seconds after contact was 
made, thereafter, a drift toward more acid pH slowly began. As 
far as can be gathered from the work of Cullen and Earle, the drifts 
observed by them at 20° were similar to ours. Table 1X shows the 
results obtained. The average Q correction was +0.03, which is 
in exact agreement with our value at 38°. Save for one quin- 











TABLE IX. 
Comparison of pH of Normal Dog Serum at 20° by Hydrogen and Quinhydrone 
Electrodes. 
| Hydrogen electrode. Quinhydrone electrode. 
. pHy, — 
Dog No. Date. pH 
‘| « |“s| = 
1980 C. °C. 
11 Mar. 19 20.5 7.522 20.5 7.51 +0.01 
12 - 2 20.5 7.598 19.5 7.59 +0.01 
16 7 a 20.0 7.582 19.5 7.54 +0.04 
15 “24 21.0 7.578 21.0 7.54 +0.04 
17 “« 2 20.0 7.562 19.5 7.54 +0.02 


























hydrone result obtained 24 hours after hemorrhage, the deviations 
from this mean Q correction were somewhat less than those found 
at 38°. This may, however, not be significant in view of the com- 
paratively small number of determinations made. It is interest- 
ing to note that except for the one case already mentioned the Q 
corrections obtained were very much less than either those of 
Cullen and Earle or Vellinger and Roche. 


Temperature Coefficient. 


In four experiments given in Table X, simultaneous determina- 
tions were made at 20° and 38° on serum. From these data, the 
temperature coefficient of serum could be calculated on the assump- 
tion that between 20-38°, the change in pH per degree was con- 
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stant. The particular fact to be brought out is that this change 
appears to be the same for the hydrogen and quinhydrone elec- 
trodes, a conclusion which necessarily follows from the observa- 
tions made concerning the Q correction at 20° and at 38°. This 
coefficient, averaging 0.013 pH per degree in the four cases tabu- 
lated, agrees with the findings of Cullen, Keeler, and Robinson 
(25). A calculation from four of their experiments with the 
hydrogen electrode at 20° and 38° gives an average coefficient of 
0.012 pH. The experiment on Dog 17 was designed to show 


TABLE X. 
Temperature Coefficient of pH of Dog Serum As Determined by Hydrogen and 
Quinhydrone Electrodes. 




















| Hydrogen electrode. | Quinhydrone electrode. | H 
Doz No. Date. pwr, am T Coemi- | | os a 
‘em per- oe Temper- Coeffi- 
| | ature. | pH | cient. ature. = PH | cieat 
a ae ae | | | 
10 «| ee. | de | 7 
| | | j dt 
15 Jan. 29 | 38 | 7.360 | 38 | 7.35 | | +0.02 
| 
| 


22 7.610 | 0.015; 21 | 7.58 | 0.014) +0.03 


| 7.31 | +0.06 
| 2i 7.55 | 0.014 | +0.04 

3 +0.03 
0.014 | 20.2) 7.54 | 0.013 | +0.04 


~I 
— 


1 | Apr. 4 | 38 | 7.365 | | 
| | 
| 


17 | Apr.17 | 38 | 7.339 
| 20.3 | 7.582 


17* | Apr.18 | 38 | 7.395 | 38 7.35 | +0.05 
20.1 | 7.623 | 0.013 | 20 | 7.55 | 0.011 | +0 07 





* Sample taken 24 hours after a 3.7 per cent hemorrhage. 


whether experimental variation of the protein concentration of 
serum would exercise any change on the temperature coefficient of 
the pH as measured with the hydrogen and quinhydrone electrodes. 
On theoretical grounds, a lowering of the temperature coefficient 
might be expected 24 hours after hemorrhage, when the serum 
proteins were probably somewhat diluted. Our experiment, how- 
ever, does not show any decisive lowering of the temperature 
coefficient of the pH of the serum after hemorrhage, at least with 
the hydrogen electrode, and in the absence of additional experi- 
ments, the result with the quinhydrone electrode must await 


explanation. 
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Abnormal Sera. 


During the course of the work, several serum samples were 
obtained from dogs which did not appear to be normal. Two 
samples were taken from dogs with biliary fistulas, and had the 
characteristic deep yellow color. These gave Q corrections of 
+0.07 and +0.05. It may be that the presence of excessive 
amounts of biliary substances in the serum caused the slightly 
higher Q correction, such as was noted in the one case. Two other 
samples of serum were obtained from dogs with symptoms of 
distemper. Here the Q correction averaged +0.05 pH which is 
within the normal range. One sample of serum obtained from a 
dog after acid injection was very much hemolyzed. It was 
expected, in view of the observations of the alkaline drift of the 
quinhydrone electrode in whole blood (16, 26), that the drift in this 
particular sample would be modified. This was not the case. 
The drift was of the same order and in the same direction as with 
unhemolyzed serum. This was also our experience in several 
eases where only slight hemolysis occurred. Mislowitzer (27) 
states specifically that the presence of hemoglobin in serum does 
not affect the drift of the quinhydrone electrode. A buffer solution 
to which he added hemoglobin did not produce any drift in the 
quinhydrone electrode towards more alkaline values. We have, 
however, to explain the fact that in our hemolyzed serum, the Q 
correction was negative instead of positive (—0.05). Since diluted 
whole blood, as Mislowitzer and also Liu (28) found, gives quin- 
hydrone readings which average 0.02 pH more alkaline than the 
hydrogen electrode, this observation may explain the above nega- 
tive correction. Nevertheless, in several samples of serum which 
were only slightly hemolyzed no significant changes in the Q cor- 
rections could be observed. 


DISCUSSION. 


The following facts were gleaned from a study of the distribution 
curve of the Q corrections of 65 determinations, which include all 
the serum and plasma, normal and abnormal. Out of this number 
it seems reasonable to eliminate the very small number of extreme 
variations of the Q corrections, especially when one remembers that 
the causes which are responsible for their occurrence appear to be 
known and can, therefore, be avoided. When this is done, the 
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limits of the Q correction are from —0.02 to +0.06, a spread of 
0.08 pH. If the average Q correction is taken as +0.03, then 
within these limits 93 per cent of all the determinations checks 
results with the hydrogen electrode within +0.03 pH and 83 per 
cent within +0.02. The variations in the Q correction do not 
seem to have any relation to the pH of the serum. 

A sufficiently large number of comparative determinations of 
the pH of dog serum and plasma have been made under a variety 
of experimental conditions to justify an evaluation of the quin- 
hydrone method. Since the electrode represents an oxidation- 
reduction system, undesirable side reactions with some of the con- 
stituents of the solutions in which it is to be used may take place. 
This may produce drifting potentials. In serum at 38° the drift 
is so great that it is necessary to resort to extrapolation to obtain 
suitable results. On theoretical grounds, such a procedure is open 
to serious criticism; on practical grounds, the increased com- 
plexity of technique and consequent possibility of error are im- 
portant considerations. The method is empirical; the accuracy of 
its results must largely serve as its justification. But it is believed 
that a degree of accuracy is attainable which is adequate for much 
of the present biochemical research. The drifts are far less at 20°, 
and the determination is, therefore, simpler, but at the present 
time we hesitate to assume that the temperature correction which 
must be applied to obtain values for 38° is constant for all serum. 

This study indicates that the method of determining pH by the 
quinhydrone electrode is subject to fewer errors than the colori- 
metric method. It possesses no inherent subjective errors, and in 
general gives more reliable data under experimental conditions. 
While less accurate than the hydrogen electrode, the small amounts 
of material needed for the quinhydrone electrode determination, 
and the rapidity with which determinations may be made, make 
the quinhydrone electrode a decidedly useful instrument for study- 
ing the pH of blood and other tissue fluids. 


SUMMARY. 


1. A comparative study of the pH of normal dog serum and 
plasma at 38° by the hydrogen and quinhydrone electrodes has 
been made. On the average, the quinhydrone electrode reads 
0.03 pH more acid than the hydrogen electrode. Under experi- 
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mental conditions this difference has been found to remain suffi- 
ciently constant to inspire confidence in the reliability of the 
method. Determinations of pH with the quinhydrone electrode 
can be rapidly made and require but small amounts of fluid. 


2. The occurrence of the first acid change of shed blood, dis- 


covered by Havard and Kerridge, has been substantiated both 
with the hydrogen and quinhydrone electrodes. 


eon 
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INTRODUCTION. 


In the course of an investigation of the influence of the character 
and the amount of the fat of the food on the composition of the 
lipids, especially the phospholipids, of the white rat, data have 
been obtained on a series of rats ranging in weight from about 30 
up to about 200 gm. It soon became apparent that the smaller 
the rat the higher was the percentage content of phospholipid 
fatty acids. A brief search of the literature having failed to reveal 
any such intimate and comprehensive investigation of the change 
in the phospholipid content of animal tissues with age, as the phe- 
nomenon would seem to justify, the original investigation was 
extended to include some analyses of suckling rats in order to cover 
the complete range from birth to adult age. 

Mayer and Schaeffer (1914) were probably the first to observe 
the change in the phospholipid content of animals during growth. 
Their conclusion was that the percentage content of lipid phos- 
phorus in rats increases sharply following birth and then remains 
practically constant throughout life. However, their data ap- 
plied chiefly to rats during the first 3 weeks of postnatal life and, 
as will be pointed out later, it is altogether likely that the increase 
in the phospholipid content during this period js entirely due 
to the rapid decrease in the water content of the tissues. Recently, 
Javillier, Allaire, and Rousseau (1927) have observed an increase 
in the lipid phosphorus content of mice during the first 21 days of 
postnatal life. Furthermore, these authors determined the water 
content and, from the values obtained, calculated that the per- 
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centage content of lipid phosphorus in the dry tissues also increases 
after birth. On the other hand, Robertson (1916) determined 
the content of alcohol-soluble phosphorus in mice of various ages 
and found a steady decrease, commencing at birth and continuing 
throughout life. In the light of our own results and those of 
Mayer and Schaeffer, and Javillier et al. it is difficult indeed to 
understand why Robertson did not find a lower content of alcohol- 
soluble phosphorus in mice at birth than at 14 or 35 days of age. 

At best our own data are far from ideal for the purpose in hand 
but they are sufficiently consistent to permit some general con- 
clusions concerning the influence of growth on the phospholipid 
content of animal tissues. 

Graphical analysis of the data has revealed: (1) that there is a 
progressive decrease in the water content of the rat after birth, the 
most rapid period of dehydration being from birth to weaning age, 
in which time 50 per cent of the total loss in the first 100 days of 
life occurs; (2) that the percentage content of phospholipid fatty 
acids in the dry tissues decreases rapidly during the first 3 months 
of life; (3) that in consequence of the rapid decrease in water con- 
tent during the first 3 weeks of postnatal life, the percentage content 
of phospholipid fatty acids in the moist tissue increases rapidly 
after birth, attains a maximum in about 3 weeks, and then de- 
clines throughout the following 13 weeks of life; (4) that the phos- 
pholipid : cholesterol ratio in the entire rat remains practically 
constant throughout the first 100 days of life. 


EXPERIMENTAL. 


The population of rats upon which the following data have been 
obtained was raised for the most part under quite varied cireum- 
stances. Some of the rats were raised in stock cages with half 
a dozen, more or less, other rats of about the same age; others were 
raised in individual metabolism cages made throughout of No. 2 
mesh wire screen. The most important variant was the diet. 
Some of the rats were fed on a diet of kitchen scraps, while the great 
majority were raised, after weaning, on a ration consisting of alco- 
hol-extracted casein, cane sugar, McCollum’s Salt Mixture 185,' 
ether-extracted dried yeast, and Oscodal,? generally supplemeated 


1 McCollum, E. V., and Simmonds, N., J. Biol. Chem., 33, 63 (1918). 
2 A cod liver oil concentrate containing vitamins A and D, kindly sup- 
plied by Dr. H. E. Dubin of the H. A. Metz Laboratories, Incorporated. 
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with different fats (cod liver oil, lard, olive oil, coconut oil, linseed 
oil) in amounts ranging from 2.5 to 40 per cent of the total calories. 
In all cases food and water were provided ad libitum. 

The analysis of the lipids in the whole rats was carried out as 
follows: After the live weight had been obtained, the rat was 
stunned by a blow on the head and immediately the entire animal 
was hashed in a meat grinder. The hashed tissue remaining in the 
grinder was removed, the total lot thoroughly mixed, and again 
passed through the grinder. A 50 gm. sample of the well mixed 
hashed tissue was weighed out, and then stirred up in about 3 vol- 
umes of 95 per cent aleohol. After a few minutes standing the 
hashed tissue and alcohol were poured into the cloth sack of the 
hot alcohol extractor in use in this laboratory. The extraction 
was continued for 3 hours, the alcoholic extract being replaced by 
fresh alcohol and the tissue well stirred at the end of each hour. 
The combined alcoholic extracts were distilled practically to dry- 
ness on a water bath under reduced pressure. The pasty residue 
was taken up in moist ether, the ether extract (which in most cases 
was quite turbid) concentrated, and then washed with ether into 
acetone in a 100 ce. centrifuge tube. To facilitate complete precipi- 
tation of the phospholipids 2 ce. of a saturated solution of MgCl. 
in aleohol were added to the mixture of acetone and ether in the 
centrifuge tube. After centrifugalization the supernatant acetone 
and ether solution of the neutral fat andcholesterol was poured off 
into a flask, and the acetone-insoluble lipids, consisting mainly 
of the phospholipids, were rubbed up in fresh acetone. To insure 
against contamination of the phospholipids by neutral fat, the 
phospholipid fraction was redissolved in ether and again precipi- 
tated with acetone and MgCl. The phospholipid fraction was 
redissolved in ether—the ether solution was always quite turbid 
and contained a considerable amount of suspended material, prob- 
ably non-lipid in nature—and transferred to a saponification flask. 
After evaporation of the ether, the phospholipids were saponified 
with NaOH in 50 per cent alcohol for 3 to4 hours. The alcoholic 
solution was cooled and made acid to Congo red paper with con- 
centrated HCl. The fatty acids were extracted with petroleum 
ether, transferred to a volumetric flask, and a suitable aliquot 
taken for weight and iodine number determination.* 


? The data on the iodine numbers of the phospholipid and neutral fat 
fatty acids will be published in a separate paper. 
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centage content of lipid phosphorus in the dry tissues also increases 
after birth. On the other hand, Robertson (1916) determined 
the content of alcohol-soluble phosphorus in mice of various ages 
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understand why Robertson did not find a lower content of alcohol- 
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At best our own data are far from ideal for the purpose in hand 
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The population of rats upon which the following data have been 
obtained was raised for the most part under quite varied circum- 
stances. Some of the rats were raised in stock cages with half 
a dozen, more or less, other rats of about the same age; others were 
raised in individual metabolism cages made throughout of No. 2 
mesh wire screen. The most important variant was the diet. 
Some of the rats were fed on a diet of kitchen scraps, while the great 
majority were raised, after weaning, on a ration consisting of alco- 
hol-extracted casein, cane sugar, McCollum’s Salt Mixture 185,' 
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1 McCollum, E. V., and Simmonds, N., J. Biol. Chem., 33, 63 (1918). 
2 A cod liver oil concentrate containing vitamins A and D, kindly sup- 
plied by Dr. H. E. Dubin of the H. A. Metz Laboratories, Incorporated. 
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with different fats (cod liver oil, lard, olive oil, coconut oil, linseed 
oil) in amounts ranging from 2.5 to 40 per cent of the total calories. 
In all cases food and water were provided ad libitum. 

The analysis of the lipids in the whole rats was carried out as 
follows: After the live weight had been obtained, the rat was 
stunned by a blow on the head and immediately the entire animal 
was hashed in a meat grinder. The hashed tissue remaining in the 
grinder was removed, the total lot thoroughly mixed, and again 
passed through the grinder. A 50 gm. sample of the well mixed 
hashed tissue was weighed out, and then stirred up in about 3 vol- 
umes of 95 per cent alcohol. After a few minutes standing the 
hashed tissue and alcohol were poured into the cloth sack of the 
hot alcohol extractor in use in this laboratory. The extraction 
was continued for 3 hours, the alcoholic extract being replaced by 
fresh alcohol and the tissue well stirred at the end of each hour. 
The combined alcoholic extracts were distilled practically to dry- 
ness on a water bath under reduced pressure. The pasty residue 
was taken up in moist ether, the ether extract (which in most cases 
was quite turbid) concentrated, and then washed with ether into 
acetone in a 100 cc. centrifuge tube. To facilitate complete precipi- 
tation of the phospholipids 2 cc. of a saturated solution of MgCl. 
in aleohol were added to the mixture of acetone and ether in the 
centrifuge tube. After centrifugalization the supernatant acetone 
and ether solution of the neutral fat andcholesterol was poured off 
into a flask, and the acetone-insoluble lipids, consisting mainly 
of the phospholipids, were rubbed up in fresh acetone. To insure 
against contamination of the phospholipids by neutral fat, the 
phospholipid fraction was redissolved in ether and again precipi- 
tated with acetone and MgCl. The phospholipid fraction was 
redissolved in ether—the ether solution was always quite turbid 
and contained a considerable amount of suspended material, prob- 
ably non-lipid in nature—and transferred to a saponification flask. 
After evaporation of the ether, the phospholipids were saponified 
with NaOH in 50 per cent alcohol for 3 to4 hours. The alcoholic 
solution was cooled and made acid to Congo red paper with con- 
centrated HCl. The fatty acids were extracted with petroleum 
ether, transferred to a volumetric flask, and a suitable aliquot 
taken for weight and iodine number determination.’ 


? The data on the iodine numbers of the phospholipid and neutral fat 
fatty acids will be published in a separate paper. 
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The acetone-ether solution of the neutral fat and unsaponifiable 
substances was distilled to a small volume, rinsed into a separatory 
funnel with petroleum ether, and washed with water. The 
petroleum ether solution was concentrated and made up to volume 
in a volumetric flask. An aliquot of } or 3 was taken for weight 
and another was pipetted into a saponification flask, and, after 
evaporation of the petroleum ether, saponified with equal vol- 
umes of N sodium ethylate and absolute alcohol. After several 
hours of boiling under a reflux condenser, an equal volume of water 
was added and boiling continued for 2 to 3 hours longer. Then 
the soap solution was cooled, transferred to a separatory funnel, 
shaken up with petroleum ether, and allowed to stand overnight. 
The next day the soap solution was drawn off, the petroleum ether 
extract washed with 50 per cent alcohol, and again separated. 
The petroleum ether extract was distilled and the residue of un- 
saponifiable matter was dried and weighed. After acidification 
of the soap solution, the fatty acids were extracted with petroleum 
ether, made up to volume, and an aliquot taken for weight and 
iodine number determination.® 

The tissue residue remaining after the 3 hours extraction with 
hot alcohol was dried in the air and weighed. This weight was 
found to be a fairly accurate measure of the water-free, lipid-free 
tissue solids. 

Since neutral fat is probably to be regarded as inert deposit 
material, a calculation has been made of the fat-free moist weight 
of all rats. However, this weight is still an inaccurate measure 
of the active protoplasm since it includes the weight of the skele- 
ton, teeth, hair, and the other relatively inert structural elements 
of the body. A correction for the weight of the bony skeleton 
could have been made by using the data given by Donaldson (1924, 
p. 188), but there seemed to be no particular advantage in doing so. 
A correction for the weight of the deposit fat was quite essential 
since the fat content of animals of the same age varied greatly 
because of the marked difference in the fat-producing quality of the 
various diets used. 

From the data obtained, calculations have been made of the 
percentage content of phospholipid fatty acids, neutral fat, and 
unsaponifiable material in terms of the moist fat-free weight and 
the dry extracted weight of the tissue. 











R. G. Sinclair 579 





[= 


120 





i 


1.00} 





| e | 





090} 1 i 





| | 


| 
= a 
| 


= | 
wal |_| || 
| 




















1 


J 20 40 60 80 100 120 140 160 180 grams 





Fic. 1. Chart showing the change in the content of phospholipid fatty 
acids in the moist fat-free tissues of the rat with increase in body weight. 
Gm. of phospholipid fatty acids per 100 gm. of moist fat-free tissue are 
plotted on the ordinate and body weight on the abscissa. In this and the 
succeeding figures the curves have been placed purely by inspection. 

















~] 
20. : 
| 
| 
60 } 
} 
2.0 A= 
40 eS Ses 
40 | | ‘| hs it 





20 40 60 30 100 120 140 160 iso sre 


Fic. 2. Chart showing the change in the content of phospholipid fatty 
acids in relation to the weight of the dry extracted tissues of the rat with 
increase in body weight. Gm. of phospholipid fatty acids per 100 gm. of 
dry extracted tissue are plotted on the ordinate, body weight on the 
abscissa. 
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Fic. 3. Chart showing the change in the content of phospholipid fatty 
acids in the moist fat-free tissue with increase in age. Gm. of phospholipid 
fatty acids per 100 gm. of moist fat-free tissue are plotted on the ordinate, 
postnatal age on the abscissa. 
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Fic. 4. Chart showing the change in the content of phospholipid fatty 
acids in relation to the weight of the dry extracted tissues with increase in 
age. Gm. of phospholipid fatty acids per 100 gm. of dry extracted tissue 
are plotted on the ordinate, postnatal age in days on the abscissa. 
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When the live weight of the rat taken was less than 50 gm.., all 
of the hashed tissue was carefully removed from the grinder by 
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Fic. 5. Chart showing the change in the water content of the tissues 
of the rat with increase in age. Gm. of dry extracted tissue per 100 gm. 
of moist fat-free tissue are plotted on the ordinate, age on the abscissa. 
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Fic. 6. Chart showing the change in the content of unsaponifiable 
material in relation to the weight of the dry extracted tissues of the rat 
with increase in age. Gm. of unsaponifiable material per 100 gm. of dry 
extracted tissue are plotted on the ordinate, age in days on the abscissa. 


rinsing with alcohol and included in the sample for extraction. 
Furthermore, in the cases of the very small rats weighing less than 
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20 gm., the hashed tissue was further ground in a mortar with a 
weighed amount of sand. The paste of sand and tissue, as well as 
the traces of tissue adhering to the grinder, were rinsed with alco- 
hol into a weighed Schleicher and Schiill extraction thimble. The 
extraction was carried out in the ordinary hot alcohol extractor, 
the alcohol being changed and the tissue and sand rubbed up with 
alcohol in a mortar at the end of each hour. After the extraction 
was completed, the shell, tissue residue, and sand were dried and 
weighed; since the weight of both the shell and sand was known, 
the weight of dry extracted tissue could be calculated. 

The completeness of the hot alcohol extraction of the lipids 
from the hashed rat tissue was tested in two ways; first, by extrac- 
ting the tissue residues with ether in a Soxhlet apparatus for 
6 hours; second, by saponifying the residues with strong alkali, 
extracting the acidified solution with ether, evaporating to dryness, 
and extracting the ether residue with petroleum ether. The resi- 
dues of two batches of very young rats treated by the first 
method yielded less than 1 mg. of ether residue in either case, while 
the combined residues from several rats treated by the second 
method yielded fatty material amounting to, on the average, 0.56 
per cent of the total lipids extracted. 


Results. 


The data obtained have been plotted in the form of graphs to 
show the change in the content of water, of phospholipid fatty 
acids, and of unsaponifiable material with increase in body weight 
and with increase in age. There is quite a considerable scattering 
of the points on the graphs (Figs. 1-6), a fact scarcely to be won- 
dered at in view of the heterogeneity of the population with respect 
to diet and, therefore, the rate of growth. Nevertheless, the curves 
leave little room for doubt as to the general effect of growth on the 
content of phospholipid and of unsaponifiable material in the 
white rat. 


DISCUSSION, 


Since the phospholipid content of such organs as the brain, 
heart, liver, and kidneys is notably higher than that of others, 
particularly the muscles, one is led to wonder if a shift in the rela- 
tive proportions of the various organs of the body might not be 
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responsible for the apparent decrease in the phospholipid content 
of the rat during growth. Obviously an increase in the relative 


TABLE I. 
Percentage Weight of Brain and Viscera in Rats of Various Sizes. 




















Brain. Viscera.* 
Body weight. 
Per Ae Relative per cent. Per wage | Relative per cent. 
7 gm. 

4.9 4.61 1.00 | 10.89 1.00 
25.0 5.03 | 1.09 19.23 | 1.76 
50.0 2.97 | 0.64 17.74 | 1.64 
100.0 1.68 0.36 | 14.94 | 1.38 
200.0 0.93 0.20 12.39 | 1.14 
300.0 0.66 0.14 1.19 | 1.03 
400.0 0.51 0.11 10.51 | 0.97 








* Viscera includes heart, hypophysis, intestines, kidneys, liver, lungs, 
pancreas, spleen, stomach, submaxillaries, suprarenals, and thyroid. 


TABLE I. 
Content of Phospholipid Fatty Acids in the Carcasses* of Rats at Various Ages. 











Weight of phospholipid fatty acids 
Weight of carcass per 100 gm. of: 
Age. Body weight. in relation to , 
body weight. Moist fat-free Dry extracted 
tissue. tissue. 
days gm. q per cent gm. gm. 

28 34 34.8 1.20 6.26 
41 76 38.3 1.12 4.64 
43 80 36.8 1.13 4.59 
51 76 36.0 1.17 4.79 
61 130 40.8 1.06 4.05 
59 138 43.1 1.01 3.93 
73 156 40.2 0.98 3.90 
83 164 40.9 0.97 3.84 
96 172 40.4 0.94 3.69 
107 166 41.4 1.06 3.98 

















* The carcass comprises skeletal muscle and bone; the skin, head, tail, 
feet, and viscera being discarded. 


proportion of muscle or bone would tend to decrease the phos- 
pholipid content of the entire animal. 
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The marked change in the percentage weight of the brain and 
viscera during the growth of the rat as shown by Table I (compiled 
from Donaldson (1924)) illustrates how important a factor the 
relative decrease in the weight of such phospholipid-rich tissues 
as the brain, heart, liver, and kidneys may be in causing the ob- 
served decrease in the phospholipid content of the entire rat. 
However, the data which have been obtained on the carcasses of 
rats of various ages (Table II) show that in the carcass as well as 
in the entire animal there is a decrease in the content of phos- 
pholipid fatty acids with increase in body weight. Unfortunately 
the interpretation of these data is also complicated in that the 
carcasses include the skeleton as well as the musculature and there 
is no saying how much of the phospholipid is contributed by the 
bone marrow; nevertheless it seems probable that these data 
indicate an actual decrease in the phospholipid content of the 
skeletal muscles during growth. Since the percentage weight of 
the skeleton decreases during growth (Donaldson, 1924), the in- 
clusion of the bone with the soft tissues tends to diminish rather 
than to magnify the effect of growth on the phospholipid content 
of both the entire animal and the carcass. Koch and Koch (1913) 
have shown that the phospholipid content of rat brains, expressed 
in relation to the dry solids, increases from birth to about the age 
of 3 weeks and thereafter remains practically constant. 

That the water content of animal tissues decreases throughout 
life has been observed by a number of investigators (Moulton, 
1923). This fact is illustrated by Fig. 5 which shows the influence 
of age on the percentage content of dry lipid-free solids. The 
water content may be assumed to be approximately the difference 
between the moist fat-free weight and the dry extracted weight 
plus the phospholipid since the data calculated in this manner 
show good agreement with those obtained by Hatai (cited by 
Moulton (1923)). 

The rapid decrease in the water content of the rat during the 
first 3 weeks of postnatal life is of especial interest in that it seems 
to be entirely responsible for the peculiar conformation of the 
curves in Figs. 1 and 3. These curves apparently show a rapid 
increase inthe phospholipid content of the moist tissue during the 
first 3 weeks of life, although actually the phospholipid content 
of the tissue solids is decreasing as is shown by Figs. 2 and 4. 
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In Fig. 6 the weights of the unsaponifiable material per 100 gm. 
of dry extracted tissue have been plotted against the age of the 
rats. Despite the very considerable scattering of the points— 
for which there seems to be no satisfactory explanation—it is be- 
lieved that the curve which has been drawn is reasonably represen- 
tative and may well be taken as a measure of the influence of age 
on the content of unsaponifiable material in the white rat. 

In view of the importance which is frequently attached to the 
phospholipid : cholesterol ratio it is of interest to determine whether 
or not the process of growth, which has a marked influence on 
the content of phospholipid and unsaponifiable material in the 
entire rat, also has an effect upon the ratio of these substances 
to one another. Accordingly the ratios phospholipid fatty acids: 
unsaponifiable material have been calculated for every 10 day 
interval from birth to 100 days of age, from the values given by 
the curves in Figs. 4and6. Since the ratios thus calculated vary, 
quite independently of age, between the rather narrow limits of 3.0 
to 3.3, it seems probable that growth influences the content of 
phospholipid and unsaponifiable material in the rat to about the 
same extent, the ratio of the two substances thereby remaining 
constant. 

Since the total unsaponifiable material includes, besides cho- 
lesterol, other substances about which very little is known, it 
seemed desirable to determine the percentage content of cholesterol 
in the unsaponifiable material. This can easily be done by the 
Bloor colorimetric method (1916) which is based upon the Lieber- 
mann-Burchard reaction for cholesterol. The cholesterol content 
of the unsaponifiable material from twenty-four rats, ranging in 
age from newborn to 105 days, fell between 57.1 and 75.5 per cent, 
with an average value of 67.1+5.6 per cent. With the use of this 
average value of 67.1 per cent of cholesterol in the unsaponifiable 
material, and the value 66 per cent for the percentage weight of 
fatty acids in the phospholipid, the average phospholipid: cho- 
lesterol ratio for the entire body of the white rat wasfound to be 7.0. 

At the present time it would seem to be rather difficult to arrive 
at any satisfactory conclusion as to the physiological significance 
of the marked decrease in the phospholipid content of the rat with 
increase in body weight. An extensive study of the phospholipid 
content of various organs of the beef led Bloor (1926, 1927, 1928) 
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to conclude that the phospholipid content of a tissue is a function 
of its physiological activity. On this basis, the very considerable 
decrease in the phospholipid content of rats during the first 3 
months of postnatal life would indicate a progressive decline in the 
physiological activity during this period. However, in so far as 
muscular activity is concerned, there seems to be a lack of agree- 
ment between the phospholipid content of the skeletal muscles of 
the rat and their degree of activity since, according to Slonaker 
(1907), the activity of rats increases with age up to 87 to 120 days 
whereas during this period the phospholipid content is steadily 
decreasing (Table II). 

With respect to the cause of the decrease in phospholipid con- 
tent with increase in body weight, the shape of the curves in Figs. 
1 to 4 indicates that the period of most rapid decline in phospholipid 
content coincides with the period of most rapid growth. This fact 
suggests that there may be acertain measure of independence in the 
rates of synthesis of phospholipid and of the other solid constit- 
uents of the tissues. In this connection the case of a young rat 
which grew at an unusually rapid rate may be of some significance; 
the phospholipid content of this young rat was found to be much be- 
low the normal value for rats of the same age or of the same weight 
whereas the actual weight of phospholipid was approximately nor- 
mal for its age. Of interest also are the data on a rat which for 
some unknown reason maintained a constant weight of around 
36 gm. for 8 weeks. The data for this abnormal rat in the charts 
have been encircled by a line. It may be seen that the content of 
phospholipid fatty acids corresponds quite closely to that of nor- 
mal rats of the same size but much younger. This fact is especially 
interesting since, according to Mendel and Judson (1916), the 
water content of rats stunted by deficient diets is typical of their 
age rather than of their body weight. 


SUMMARY. 


A study of the content of phospholipid fatty acids and un- 
saponifiable material in the entire bodies of white rats during the 
first 4 months of life has shown: 

1. That the phospholipid content, when expressed in relation 
to the tissue solids, decreases rapidly after birth, the period of 
most rapid decline in the phospholipid content coinciding with 
the period of most rapid growth. 
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2. On account of the rapid decrease in the water content of the 
tissues of the rat as a whole during the first few weeks of postnatal 
life, the phospholipid content of the moist fat-free tissues increases 
rapidly after birth, reaches a miximum in about 3 weeks, and then 
declines throughout the remainder of the period studied. 

3. The ratio phospholipid fatty acids: unsaponifiable material 
remains practically constant during the first 3 months of life. 


The author is indebted to Professor W. R. Bloor for advice and 
criticism throughout the progress of this work. 
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The present work is a continuation of the systematic survey of 
the apparent dissociation constants of the amino acids which has 
been in progress in this laboratory for some time (1). We are 
reporting not only the apparent dissociation constants of diiodo- 
tyrosine but also its apparent heat of ionization and its heat of 
solution. This amino acid which was discovered by Drechsel 
(2) in 1896 has recently assumed a réle of added importance due to 
its presence in the thyroid gland (3). 

Our product was prepared by iodizing /-tyrosine in accordance 
with the procedure recommended by Henze (4). It yielded, 
within experimental limits, theoretical values for iodine. Another 
synthesis was carried out according to the method of Harington 
(5). For the purpose of estimating its apparent dissociation 
constants we determined the solubility of diiodotyrosine in solu- 
tions containing varying amounts of sodium hydroxide or of 
hydrochloric acid, a procedure which was previously employed by 
Sano (6) and shown to be theoretically justifiable by Hitchcock 
(7). The solubility of diiodotyrosine was determined by placing 
the amino acid and the dilute acid or base to be used in an inverted 
Pyrex T-tube of about 100 ml. capacity. The lower end of the 
T-tube was somewhat curved to facilitate the withdrawal of 
fluid. Except for the determinations which were carried out at 


* Aided by a grant from the Chemical Foundation, Incorporated, and the 
Research Board of the University of California. We are indebted to the 
Cyrus M. Warren Fund of the American Academy of Arts and Sciences for 
the loan of the type K potentiometer. 


589 








590 Diiodotyrosine Dissociation Constants 


0° the tubes were immersed in an oil bath kept within + 0.05° 
of the given temperature. For the 0° work an ice water bath was 
employed. The tubes were shaken for a period of 24 to 36 hours. 
The clear fluid was obtained by pressure filtration through a glass 
tube containing a layer of cotton and a layer of asbestos. The 
amount of diiodotyrosine which was dissolved was estimated on 
the basis of the iodine content. The procedure of Kelly and 
Husband (8) was in its essential features followed in estimating 
iodine. 

The hydrogen ion activity at 25° was determined with the aid of 
the quinhydrone electrode. The accuracy of this method was 
checked against the hydrogen electrode. At 0° and 40° the hydro- 
gen ion activities were determined with the aid of the hydrogen 
electrode. We did not employ the quinhydrone electrode at these 
temperatures since it has not been studied with any degree of 
accuracy. The technique described by Kirk and Schmidt (9) 
was in its essential features followed for the estimation of hydrogen 
ion activity. The values for the e.m.F. referred to the 1.0 nN 
calomel half-cell when connected with a hydrogen electrode im- 
mersed in a solution of hydrochloric acid having an activity value 
of unity at 0° and 40° respectively were determined in a manner 
similar to that described by Schmidt, Kirk, and Appleman (10). 
Their value of 0.2916 voit for the u.m.F. at 0° was used in the 
present work. We have determined the 5.M.F. at 40° to be 0.2784 
volt. In the latter instance the Nernst equation used in calcu- 
lating the paH at 40° assumes the form: 


sine Ew — 0.2784 
~ 0.06213 
while at 0° 
Eo. — 0.2916 
qH = ———— 
- 0.05419 


It is perhaps desirable to state here that in carrying out meas- 
urements of hydrogen ion activity in amino acid solutions, poison- 
ing of the electrode is frequently encountered. This is probably 
due to a slight decomposition of the amino acid. It is indicated 
by erratic voltage readings. In such cases platinum electrodes 
which have been recently replatinized must be employed and it is 
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necessary when equilibrium is reached that the voltage readings 
remain constant. 

For the purpose of estimating heat of solution a series of solu- 
bility estimations of the isoelectric amino acid at, the given tem- 
peratures over the range of 0-47° was also carried out. 




















30 & { 
Solubility Curves 
o-Tyrosine (Hitchcock) 

al a:Diiodotyrosine 

25°C. { 
20+ 
- ~ 
@g 
= 
, 15 . 
a 
Q. 
” 
Oo r-¥ 
EtoF 
= p 
5 a 
L 1 L 1 — 
° 2 4 6 8 10 
paH 
Fig. 1. 


The solubility data for diiodotyrosine at 25° calculated in terms 
of millimols per liter together with Hitchcock’s (7) data for tyro- 
sine are represented graphically in Fig. 1. It is seen that the 
effect of the presence of iodine in the ring is to decrease the solu- 
bility of the iodine-containing compound over the isoelectric zone 
as well as to decrease the zone of minimum solubility. The latter 
effect is due to the increase in the values of the acid dissociation 
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constants. In Table I we have summarized the data for the 
apparent dissociation constants of diiodotyrosine together with 
Hitchcock’s constants for tyrosine. The data show that the value 
for K’, of diiodotyrosine at 25° is almost identical with the value 
for K’, given by Hitchcock for tyrosine, while the values for 
K’,, and K’,, respectively of diiodotyrosine are about a thousand 
times greater than the respective values for K’,, and K’., for 
tyrosine. Morner (11) has also shown that the introduction of 
halogens into the hydroxyphenyl ring markedly increases its 
acid properties. 
































TABLE I.* 
| Tem- | " ® » 
Substance. pera- K's, K'a, K's pl 
ture. ‘ 
e. 
Tyrosine (Hitch-| 
cock)..........| 25] 7.8 X 107%! 8.5 x 10-"| 1.57 X 10- | 5.6 
Diiodotyrosine..| 0 | 2.92 X 10-7 | 4.94 x 10-9 | 1.86 X 10-" | 4.37 
9 | 25 | 3.32 K 10-7 | 1.51 X 10-8 | 1.32 XK 10-™ | 4.29 
5 --| 40 | 3.51 X 10-7 | 3.56 K 10-* | 3.72 X 10-™ | 4.19 
AH’ of diiodotyro- 
ae iene 810 calories. | 8790 calories. | 12770 calories. 





* For the sake of consistency we have given the calculated rather than 
the observed values for Kg, and Ky. The observed values are given in 
Tables II and III. 


In Fig. 2 the relations of the solubilities of diiodotyrosine in 
terms of mol fraction' with respect to hydrogen ion activity at 
various temperatures are shown. It is seen that the effect of 
decreasing the temperature is to decrease the numerical values of 


1 We have made most of our calculations in terms of mol fraction as these 
units are consistent with thermodynamic reasoning while those in terms of 
mols per liter are not. One of the reasons for this selection is that the mol 
fraction of a solution is independent of the temperature while the concentra- 

Ne 
m+ net ns 
is the number of mols of solute present, n; is the number of mols of solvent 
present, n; is the number of mols of other constituents, and N2 is the mol 
fraction of the solute with which we are concerned. 


tion is not. Mol fraction may be defined as (N2 = where nz 
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the apparent acid and basic dissociation constants as well as to 
decrease the solubility of diiodotyrosine. 

Since Hitchcock’s (7) work indicated that thé solubility of an 
amino acid at any given temperature and acidity is dependent upon 
the isoelectric solubility at that temperature we have carried out 
solubility estimations of diiodotyrosine at a number of tempera- 
tures in order to determine the exact relation between the solu- 
bility of this compound and the temperature. The data are shown 


0.077 The Relation of the Solubility 
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graphically in Fig. 3. It has been found that the relationship 
between solubility and temperature can be expressed by the 
equation 


log (N2 X 10) = 0.01923 T — 7.329 (1) 


where 7 = absolute temperature and N. = mol fraction of the 
solute. On reducing the above equation from the logarithmic to 
the rational form we have 


Nz = 0.4688 X 10(~10.0 + 0.01923 7) (2) 
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594 Diiodotyrosine Dissociation Constants 


Four of our experimental values fall directly on the plotted curve 
while the other two do not vary more than 3 per cent from it. 

The thermodynamic relationship between A H, the differential 
heat of solution; the mol fraction, Ne; the temperature, 7’; and 
the pressure, P, can be expressed as follows (12): 


do In N2 = AH (3 
oT },p RT? 




















0.607 The Relations of the Solubilities 
‘ of Diiodotyrosine 
0.50 with Respect to 
Varying Temperature and paH 
e 0.407 2, Curve 1 = Solubility at 273° Abs. 
x 
S 
+ 0.30 
Vv 
io} 
= 
ra 
‘o 0.20 
= 
O0.10F 
0.00; 
paH 
Fie. 3. 


AH is also the total heat of solution of 1 mol of solute at infinite 
dilution. In dilute solutions such as we have used (0.002 m) 
the value for A H can be assumed to represent the total heat of 


solution. 
Since log NV; = 0.01923 T — 10.329 then In N; = 0.04429 T — 


23.787 or A H = 0.08807 T*. At 298° absolute? the value of A H 
for diiodotyrosine is 7830 calories. 


2 More strictly 298.18.° See Birge, R. T., Phys. Rev. suppl., 1, 1 (1929). 
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For the purpose of calculating the apparent heat of ionization 
of diiodotyrosine the equation of van’t Hoff was used ( (12) p. 298), 


dink AH 
aT RT? 





or 
a(R In K) 


1 
di = 
(7) 
where 7’ = the absolute temperature, R = the gas constant in 
calories per degree, K = true dissociation constant, and A H = 
the heat of ionization. Since the true dissociation constants of 
this amino acid are not known the assumption is made that the 


equation holds when the values for the apparent dissociation 
constants are used instead of the true dissociation constants. If 


-AH= (4) 


—R |n K is plotted against p the slope of the curve at any point 


is equal to the heat of ionization at that temperature. In most 
cases of dissociation this function is probably linear over small 
ranges of temperature. An exception to this is the dissociation 


of NH,OH ‘> = NH, + OH which over a range of 290° shows a 
distinct curve ((12) p. 314). 

It was not found feasible to use temperatures much above 40° 
since diiodotyrosine decomposes to some extent in alkaline solu- 
tions at higher temperatures. The decomposition products tend 
to poison the platinum electrodes. Moreover, the uncertainty in 
the behavior of the hydrogen electrode at higher temperatures 
must also be considered. 

The further assumption was made that A H’, the apparent heat 
of ionization, is constant over the temperature range of 0-40°. 
We find that our data check this assumption with reasonable 
accuracy. ae values for —R In K’ were plotted against the 
values for | P the best straight line was drawn between the points, 
and the equation which fits that line was determined.’ In this 
manner we found for K’, that 


12770 
—Rinky= +1152 (5) 





’ With the method of least squares the maximum deviation from the 
method herein used is not greater than 6 per cent. 
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and 


97 
— log K’, = se + 2.52 (6) 


K’, was calculated from Equation 6. In Table II the calculated 
values for K’, are shown in comparison with the observed values 
together with the percentage variation. Differentiating —R In 
K’, with respect to Z in Equation 5 the value for A H’ is found to 
have the value of 12770 calories. 


TABLE II. 
Calculated and Observed Values for the Apparent Basic Dissociation Constant 
of Diiodotyrosine. 











T absolute. K’, calculated. K’, observed. Variation. 
per cent 
273 1.86 X 107% 1.73 X 107% +7 
298 1.32 X 10-” 1.49 X 107% —l1 
313 3.72 X 107” 3.56 X 107” +4 
TABLE III. 


Calculated and Observed Values for the Apparent Acid Dissociation Constant 
(K’a,) of Ditiodotyrosine. 








T absolute. K’,, calculated. K'q, observed. | Variation. 
per cent 
273 2.92 X 10-7 3.00 X 1077 —2.7 
298 3.32 X 1077 3.10 X 1077 +6.6 
313 3.51 X 1077 3.78 X 1077 —5.2 





By a similar treatment we find for <’,, that 
—R ln KK’, = “ + 26.97 (7) 
and 


176 
— log K’a = r+ 5.89 (8) 


K’,, was calculated from Equation 8 and comparisons were made 
between the calculated and the observed values for K’,,. These 
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are shown in Table III. Differentiating —R In K’,, with respect 


to - in Equation 7 we find that A H’ has the value of 810 calories. 


In attempting to calculate values for K’,, certain difficulties 
were encountered. In Hitchcock’s (7) equation 


, (H*)’ K’'. 
x. - 27/21] 


it will be noted that any errors in the value for K’,, will be mag- 
nified in the values for K’,,. For example, if K’,, was observed 
to have a smaller value than it should have, the value for the 








+)2 
expression id would be too large. This is also true for the 


TABLE IV. 
Calculated Values for the Second Apparent Acid Dissociation Constants (K'a;) 


of Diiodotyrosine (a) the Calculated Values for K’a, and (b) the 
Observed Values for K’a, Being Used. 





K'q, using K’g, K’q, using K’g, 




















T absolute. > ear - ened Variation. 
per cent 
273 4.94 X 107° 3.89 X 10- 25 
298 1.51 X 10-8 1.96 x 10-8 25 
313 3.56 X 10-8 3.16 X 10-8 16 
S x’. — : 
expression x -l- He) It is evident that the total error is 


greater than is warranted by a small error in the value for K’,,. 

In order to evade this difficulty we have calculated K’,, from 
Equation 8 and have used these values to calculate the values for 
K’,,. For comparison we have also calculated values for K’., 
using the observed values for K’,,. The data are summarized in 
Table IV. 

We believe that the values obtained for K’,,, with calculated 
values for K’,,, are more desirable than the values which are 
obtained when the observed values for K’,, are used since they are 
compensated by measurements which were made at other tem- 
peratures, while the values for K’,, which are obtained when the 
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observed values for K’,, are used are subject to individual dis- 
crepancies. Using the more desirable values for K’,, we find that 


, ‘8791 
— Rink’, = = + 6.09 (9) 
and 
1919 
— log K's, = + 1.33 (10) 


- 


From Equation 10 values for K’,, were calculated. Differentiat- 
ing —R In K’,, with respect to pin Equation 9 we find that the 
value for A H’ is 8790 calories. 
Since —log K = pK it follows from Equations 6, 8, and 10 that 
pK is a function of the temperature, 7. Knowing the tempera- 
ture we then can calculate the value for the apparent dissociation 
constant at that temperature. Equation 2 is an expression show- 
ing the relation of the isoelectric solubility, N2,, to the tempera- 
ture. Substituting the numerical values obtained in this equation 


in the Hitcheock (7) equation viz: 


K’, H+ Ka, K'a, K's 
Noam, [a+ © + —+— ] (11) 











Ky Ht (H*)? 
we obtain an expression for the solubility of diiodotyrosine at any 
temperature and acidity. Rewriting Equations 6, 8, and 10 
respectively, we have 


= 2789 wees a 1 
pK, = TT + 2.52 or K’, = ~ (ZB +252) 
* 


1 1 
pK’s, = = + 5.89 or K's, = —aqg—~ 
r (F + 5.89) 

10*7 


1919 - 1 
pK’., = 7 ot 1.33 or K’, = Rel) 
10. * 





4 We have utilized Hitchcock’s equations in their general form but have 
used K’a,, K’a,, and K’, in place of Ka,, Ka, and Ks». We have also used 
mol fraction where he used concentration. 











Dalton, Kirk, and Schmidt 599 


Since No, = 0.4688 X 10 (“19+ 9-913 T), substituting these values 
in Equation 11 we now have 


a 2 Ht 
Nz = 0.4688 x 10° "9 F108 7) y a J 
(7 +282) 

Ky X 10 








176 | 2095 
——_ (a) * as) | 


Thus we have an expression for the solubility of diiodotyrosine at 
any temperature and acidity. 

In order to check the accuracy of this expression we arbitrarily 
chose a point on the 298° curve (Fig. 3) at the observed paH of 
7.011 and then calculated the solubility under these conditions. 

- millimols : 
The observed solubility was 0.109 —_—-_—— while the calculated 
mol solvent 
millimols 


—__———. The deviation is about § per 
mol solvent 


solubility was 0.101 


cent. 
SUMMARY. 


1. From solubility estimations at various acidities we have 
determined the apparent acid and basic dissociation constants of 
diiodotyrosine at 0°, 25°, and 40°. 

2. With these data the apparent heats of ionization of diiodo- 
tyrosine have been calculated. 

3. The heat of solution of diiodotyrosine was determined by 
estimating the isoelectric solubility at a number of temperatures. 
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Isoergosterols have been prepared by the catalytic action of 
several acids on ergosterol—hydrochlorie acid (1, 2), hydrobromic 
acid (2), cinnamoy! chloride (2, 3), chloroacetic acid (2), sulfuric 
acid (4, 5). Other forms have been obtained chemically (6, 7). 
We have recently demonstrated (5) that the forms resulting from 
the acid catalysts are actually complex mixtures, difficult to 
separate. 

Several years ago we showed (8, 9) that on contact with the so 
called acid clays, cholesterol gives cholesteryl ether, which upon 
prolonged treatment breaks down into a resinous mixture exhibit- 
ing antiricketic properties. Continuing this work with ergosterol, 
we have obtained an isoergosterol from the reaction mixture. 

10 gm. of ergosterol, [a]?3,, = —158° (c = 1 in CHCl;), and 25 
gm. of activated floridin (9) in 300 cc. of benzene were refluxed for 
25 minutes. The catalyst rapidly underwent the color changes 
observed with cholesterol. The suspension was filtered, washed 
with hot benzene, and the combined filtrates were evaporated to 
dryness. The light yellow residue was comminuted with 400 cc. 
of alcohol, boiled for a few minutes, and filtered hot. An insoluble 
portion, about 15 per cent, was removed for future study. 

The filtrate containing the isoergosterol was evaporated to dry- 
ness. The residue was crystallized twice from alcohol-benzene 
(2:1). The erystals were washed with a small quantity of ice- 
cold alcohol in each case. The crystals were then dissolved in 
boiling alcohol, and the solution was filtered to remove the last 
traces of alcohol-insoluble material. Recrystallization was con- 
tinued with alcohol and with acetone, until a total of ten crystal- 
lizations had been made. 

601 ° 
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From each crystal crop and mother liquor samples were taken 
for polarimetric examination. They were dried in a high vacuum 
at 80° for 10 minutes, then dissolved in chloroform (c = 1). The 
first impure crystals gave [a}zis;5 = —19.2°. With successive 
crystallizations the levorotation increased, rapidly at first, and 
then more gradually, the tenth crop showing [aliis; = — 37.3°. 
From the rate of change in specific rotation, it seemed that an 
infinite number of crystallizations would have raised the levorota- 
tion to —40° or —41°. This is the limit also approached by the 
soergosterols prepared with HCl or HBr (5). 

The mother liquors contained a dextrorotatory substance. The 
first liquor gave [a]#3,,; = +25.8°. Successive liquors were less 
dextrorotatory, finally becoming levorotatory. Since the dextro- 
rotatory liquors contained considerable pigment and resinous mat- 
ter, no attempt was made to isolate the optically active substance. 

The absorption spectrum of the crystal crops showed that each 
fraction was characterized by a single broad band with a maximum 
at 248 mu. This is the position of the maximum observed in the 
isoergosterols prepared with acid catalysts. The molecular ex- 
tinction coefficients were somewhat low, e = 13,000, on account 
of a persistent contaminant of low extinction coefficient. The con- 
taminant was particularly evident in the mother liquors. On 
treatment with hydrochloric acid the purified isomer behaved like 
the hydrochloric, hydrobromic, and cinnamic isomers (2, 5): it 
gave a new equilibrium of isomers indistinguishable from the 
original unpurified hydrochloric isomer mixture. 

The purified floridin isoergosterol crystallized from acetone in 
well defined, colorless, acicular leaflets. It melted clear, without 
yellowing, at 142°. The clearing point was preceded by a sinter- 
ing range of about 5°. This melting point is the same as that of 
the purified isoergosterols prepared with HCl or HBr (5). 

Combustion gave the following results. 


Theoretical for isoergosterol (C27H2O).......... C 84.74, H 11.07. 
Found for 0.2 gm. sample of z.................. “84.5, “ 10.9. 


The molecular weight was determined from the melting point 
depression of a solution in d-camphor by the method of Rast (10). 
The found value was 397.4; the theoretical value was 382.3. Thus 
the found value was 4 per cent higher than the theoretical. By the 
same procedure the found molecular weight of purified ergosterol 
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was 2 per cent less than the theoretical. In view of the high 
molecular weight, an error of 4 per cent is not extraordinary. All 
analytical data were obtained with samples dehydrated in a high 
vacuum at 80° for 10 minutes. 

The alcoholic nature of this isomer was demonstrated by acetyla- 
tion. 0.7414 gm. of isoergosterol and 2 ec. of acetic anhydride 
were heated for 10 minutes at 135-140°. The slightly yellow 
product, after evaporation to constant weight, weighed 0.8097 gm.., 
which indicates that the sterol was 98.4 per cent acetylated. The 
acetate was crystallized twice from alcohol and once from acetone. 
The purified leaflets melted clear at about 149°, [aljis, = —52.4° 
(ec = 1 in CHCl). The saponification number was found to be 
129.3 (phenolphthalein); the theoretical value for isoergostery] 
acetate is 131.5. While it is unusual for a sterol ester to exhibit 
greater optical activity than its parent sterol, another such 
anomaly is found in the isoergosteryl chloroacetate described by 
Bills and Cox (2). In the present case, the amount of acetate was 
too small to permit an investigation of the sterol obtained by 
saponification. 

Isoergosterol, like ergosterol, gives erratic iodine values, even 
with the Rosenmund-Kuhnhenn reagent. However, we found 
that at —5° one is able to obtain with this reagent values indica- 
tive of three double bonds. The value found for isoergosterol 
was 203, and for ergosterol, 227; the theoretical value (three double 
bonds) is 199. While it is perhaps not justifiable to manipulate 
the conditions of the determination so as to obtain a desired value, 
this experiment at least indicates that isoergosterol is unsaturated 
to the same degree as ergosterol, and that it is slightly less reactive 
with a bromine solution (cf. MacLean (11), Reindel and Nieder- 
lander (12)). 

The purified isoergosterol gave a modified Salkowski color test, 
the sulfuric acid layer becoming red. It gave also the Burchard- 
Liebermann test. With three drops of Rosenheim’s aqueous 
trichloroacetic acid reagent 0.2 cc. of a 1 per cent solution gave 
pink — orchid — lavender — blue — green. However, with 18 
drops of the acid added, it gave pink — lavendar — blue. Accord- 
ing to Rosenheim (13), ergosterol itself gave an immediate red, 
changing to a clear blue without showing green. With ergosterol 
we obtained, employing 0.2 cc. of a 1 per cent solution and 3 to 6 
drops of reagent, a red or pink which faded, changing to olive- 
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green, and finally to a deep emerald-green without the blue. On 
the other hand, with 18 drops of reagent, there was developed a red, 
changing to blue. Therefore, it appears that concentration plays 
an important role in the color obtained. If the red coloration is 
specific for the A'? (or A!:"’) ethenoid linkage, as suggested by Rosen- 
heim, then it follows that isoergosterol and ergosterol are similar 
in this structure. Heilbron and Spring (4) have also obtained a 
positive Rosenheim test with their so called a- and 8-isoergosterols, 
substances which may consist of several isomeric forms in ad- 
mixture (5). 

Like most other free sterols, the floridin isoergosterol was pre- 
cipitated by digitonin. It was not antiricketic, and it did not 
become so to an appreciable degree on exposure to ultra-violet rays. 


SUMMARY. 


1. Ergosterol in benzene solution was treated with fullers’ 
earth. The reaction mixture contained an isoergosterol, an 
alcohol-insoluble substance, a dextrorotatory substance, and 
resinous decomposition products. 

2. After ten crystallizations, the isoergosterol exhibited [a}3{5, = 
—37.3°, « = 13,000, m.p. = 142°. The acetyl derivative gave 
[a}o, = —52.4°, m.p. = 149°. 

3. Determinations of the iodine value at —5° indicated that 
the isoergosterol had the same number of double bonds as ergo- 
sterol. Rosenheim’s color reaction indicated that one of the bonds 
was the A! (or A!-"’) linkage of ergosterol. 


BIBLIOGRAPHY. 


. Reindel, F., Walter, E., and Rauch, H., Ann. Chem., 452, 34 (1927). 

. Bills, C. E., and Cox, W. M., Jr., J. Biol. Chem., 84, 455 (1929). 

. Windaus, A., and Rygh, O., Nachr. Ges. Wissench. Goettingen, Math.- 
physik. Klasse, 202 (1928). 

. Heilbron, I. M., and Spring, F. S., J. Chem. Soc., 2807 (1929). 

. Bills, C. E., and McDonald, F. G., J. Biol. Chem., 88, 337 (1930). 

. Windaus, A., and Auhagen, E., Ann. Chem., 472, 185 (1929). 

. Heilbron, I. M., Johnstone, F., and Spring, F. S., J. Chem. Soc., 2248 
(1929). 

8. Bills, C. E., J. Biol. Chem., 67, 753 (1926). 

9. Bills, C. E. and McDonald, F. G., J. Biol. Chem., 72, 1 (1927). 

10. Rast, K., Ber. chem. Ges., 65, 1051 (1922). 

11. MacLean, I. S., Biochem. J., 22, 22 (1928). 

12. Reindel, F., and Niederlinder, K., Ann. Chem., 475, 147 (1929). 

13. Rosenheim, O., Biochem. J., 23, 47 (1929). 


onrn~ 


ID oe 








-_ -— 


RD 





AN IMPROVED METHOD OF MEASURING GLASS 
ELECTRODE POTENTIALS. 


By RUSSEL J. FOSBINDER ann JANETTA SCHOONOVER. 


(From the Cancer Research Laboratories, Graduate School of Medicine, 
University of Pennsylvania, Philadelphia.) 


(Received for publication, May 28, 1930.) 


Since Haber and Klemensiewicz (1) in 1909 first suggested that 
the change in potential between a thin glass interface and a solu- 
tion would serve as an indicator in following the variation in pH, 
several noteworthy investigations have appeared in the literature. 
Among the most valuable are those of Kerridge, Hughes, and 
MacInnes and Dole, for through their efforts the glass electrode 
now affords a valuable method for the determination of hydrogen 
ion activities. The admirable research carried out by MacInnes 
and Dole (2) on the behavior of glass electrodes of different com- 
positions resulted in the finding of a glass electrode possessing the 
suitable characteristics of complete reversibility, low asymmetry 
potential, and low resistance. Their investigation also indicated 
that this electrode was as accurate as the hydrogen electrode in a 
pH range not exceeding 9.5, provided the concentration of salt 
in the solution was 0.1 N or less. 

Wide-spread use of the glass electrode is, however, limited by 
the difficulties encountered in measuring the E.M.F. of a high re- 
sistance system. Various types of electrometer set-ups have been 
employed, but they are expensive and are difficult to operate in a 
routine fashion. Numerous vacuum tube potentiometers have 
also been described in the literature, but the fault common to all is 
that the n.m.F. observed is not the true £.m.F. of the cell, but a 
value represented by the following equation. 


Es:=E; +i,- Ry 
where 
E. = observed potential 
&, = true potential 
ig = grid current 
R, = cell resistance 
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Obviously, any change in either grid current or in cell resistance 
during the course of a series of measurements would introduce 
an error. Therefore, the determination of the cell constant would 
not obviate this difficulty. 

One of us (Fosbinder) has described elsewhere (3) the theory and 
construction of a single tube—vacuum tube potentiometer for 
determining the true E.M.F. of a high resistance cell. The chief 
advantages of this type of potentiometer are inexpensiveness, 
stability, ease of control, and high sensitivity. Since only one 
tube is used, its characteristics need not be determined; the fact 
that glass electrodes of rather high resistance may be employed 
without loss of sensitivity permits the use of rather sturdy elec- 
trodes, an obvious advantage. Considerable difficulty has been 
encountered heretofore not only in the measurement of the E.M.F. 
but likewise in the design of a cell whose temperature may be 
thermostatically controlled, and of a form permitting the use of 
small volumes of fluid (0.05 to 0.2 ce.) with accuracy and con- 
venience. With the use of an improved form of the vacuum tube 
potentiometer and a cell of new design, to be described later, the 
paH values of phosphate buffer solutions have been determined 
at 38°, and compared with the paH values of the same buffer 
mixtures determined with the Simms type of hydrogen electrode 
in order to test the reversibility and accuracy of the glass electrodes. 

The assembled apparatus is shown in Fig. 1, in which A is the 
thermostat, B the vacuum tube potentiometer, C a laboratory 
H ion potentiometer, and D a galvanometer. The vacuum tube 
potentiometer proper contains the cell, vacuum tube, control panel, 
high resistance switches, and potentiometer leads. The instru- 
ment panel is of Bakelite; the box is constructed of brass and is 
grounded in order to eliminate electrostatic and body capacity 
effects. Since the switches S,, S:, and S3, are connected with the 
grid, they must be provided with suitable insulation so that the 
leakage current from the switches is at least as small as that from 
grid to ground, also, the switches must be adequately shielded. 
The details of construction of the switch are shown in Fig. 2. The 
contacts are made of gold in order to avoid the effect of contact 
potentials.. All leads, except those of the potentiometer and grid 
circuit, are connected to tip jacks, which are mounted on a Bake- 
lite panel on the lower inside right end of the box. Short-circuiting 
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of the jacks by the brass is avoided by drilling holes slightly larger 
than the jack shaft. The short potentiometer leads are brought 
out in copper tubing and are highly insulated with sulfur. The 
tube is further protected by a standard screen grid tube shield. 
The component parts of the control panel, reading from left to 
right and beginning with the top row, are given below, together 
with the respective symbols designated in the wiring diagram 
(see Fig. 3). Rs represents a 25 ohm rheostat; 2s, 2000 ohm po- 
tentiometer; 1A, milliammeter; R:, 10,000 ohm rheostat; Ro, 


L~ of 
= 
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Fic. 1. Photograph of apparatus for measurement of glass electrode po- 
tentials, showing thermostat, vacuum tube potentiometer, galvanometer, 
and H ion potentiometer. The set-up at the right is for the purpose of 
measuring the resistance of glass electrodes. 


5000 ohm rheostat; R;, 200 ohm rheostat; Ry, 5 ohm rheostat; S,, 
type K switch; R3, 100 ohm rheostat; Si, S2, Ss, three insulated 
Bakelite switches for batteries. The remaining details of the 
apparatus may be found in the article previously mentioned (3). 
Since the pH cell is a source of high resistance, and is in series 
with the grid, it must be provided with high resistance insulation. 
To this end the cell is supported by means of two clamps secured to 
Bakelite rods which are firmly embedded in a base of the same 
material. By the use of a hinge, the base of the cell support is 








608 Glass Electrode 


fastened to the rear side of the box, thus permitting the support 
to swing through an are. This arrangement allows easy accessi- 
bility to the cell at all times for purposes of cleaning and filling. 
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Fic. 2. Cross-section diagram of shielded high insulation switch em- 





ployed in the grid circuit. 






































RZ 
sf ; 
Se 
s HH 
amie 
Re Rs Re 
H|! 
P \ 
RH 
hs 





Fig. 3. Diagram of working circuit used to determine the E.M.F. of high 
resistance cell. See text for explanation of the symbols. 


Leads from the cell are directly connected with two brass contacts 
which are fastened on the rear of the base. A similar set of brass 
strips, mounted on a piece of Bakelite, is connected in the grid 
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circuit. When the cell support is swung into position, the con- 
tacts engage, thereby inserting the cell in the circuit. The cell and 
its support are shown in Fig. 4 in which a is a jacketed saturated 
calomel electrode, 6 is a saturated KCI bridge and reservoir, ca 
jacketed fluid cell, d a rack and pinion arrangement for adjusting 





Fic. 4. Photograph of cell used in the determination of H ion activities. 
The liquid whose H ion activity is to be measured is placed either in the 
capillary, /, or in the surrounding cup. The symbols are explained in the 
text. 


the height of the glass electrode, which is held in position in clamp 
e, above the end of the capillary, f, which is the container for the 
fluid. 

A sectional diagram of the cell, shown in Fig. 5, reveals the 
details of its construction. The apparatus with the exception 
of the calomel electrode connector, e, is made of Pyrex glass. 
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Soft glass must be employed in the connector in order to per- 
mit the fusing in of a platinum wire. The ground glass joint, 
d, of the calomel cell, a, eliminates the often troublesome rub- 
ber stopper. The reservoir, b, is a container for supplying the 
bridge, g, with saturated KCl. The design of the fluid cell, c, per- 
mits the use of either large or small volumes of solution as the 
space surrounding the exposed portion of the capillary, f, may be 
employed. To provide an inlet and outlet for the circulating bath 
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Fig. 5. Full scale cross-section diagram of the pH cell shown in Fig. 4. 


liquid tubes, h, are attached to the rear side of the cell jackets. 
The rubber tubes which lead to and from the cell jackets are joined 
to glass tubes so mounted in Bakelite rods that they are free to 
move when the cell support is moved. The connections to the 
thermostat are made from the glass tubing on the outside of the 
box. 

The use of a water-filled thermostat for controlling the tempera- 
ture of the cell may result in considerable difficulty, due to the 
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presence of very small leakage currents which cause the plate 
current to be reduced. This difficulty may be eliminated either 
by the use of an oil thermo’tat or by taking all leakage currents to 
ground. It is also necessary to use an induction motor in con- 
nection with the thermostat in order to avoid effects from sparking 
which are encountered with the brush type motor. In place of the 
usual type of relay it is advisable to use an ordinary telegraph 
sounder, with a mercoid switch mounted on the sounder bar. 

The operation of the vacuum tube potentiometer has been de- 
scribed before (3) and hence will not be given here. To determine 
the paH of a sample of fluid the capillary is filled with KCI to the 
top by opening the stop-cock of the reservoir. The sample, ap- 
proximately 0.1 cc., is introduced from a rubber-tipped 1 ce. 
tuberculin syringe by tightly holding the tip of the syringe against 
the end of the capillary and opening stop-cock g. When the requi- 
site amount has entered the capillary, the stop-cock is closed and 
the syringe removed. The glass electrode, similar to the type 
employed by MacInnes and Dole, containing 0.1 n hydrochloric 
acid, and in which is inserted a silver chloride-silver electrode, is 
placed in the clamp, and the electrode lowered by means of the 
rack and pinion until contact is made with the fluid on the tip 
of the capillary. A new junction at the glass surface is made by 
simply opening the reservoir stop-cock, thus forcing a drop of the 
fluid over the edge of the capillary. Before introducing the elec- 
trode into the cell, it is carefully rinsed on the outside with the 
solution whose pH is to be determined. Any drops adhering to the 
glass membrane may be removed by carefully touching the surface 
with the edge of a piece of filter paper. To prepare the cell fora 
fresh sample, the glass electrode is removed and the capillary 
rinsed several times with KCl solution by manipulation of the 
two stop-cocks. 

The 0.1 N hydrochloric acid and the silver-silver chloride elec- 
trodes employed in the determinations were checked by determin- 
ing, at 25°, the z.m.r. of the following cell. 


H; | 0.1 n HCl, AgCl | Ag 


The m/15 NagHPO, and m/15 KH2PO, solutions were prepared 
with freshly distilled water and were kept at 7° except during the 
withdrawal of the portions for the buffer mixtures. The glass 
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used in making the electrodes was of similar composition to that 
employed by MacInnes and Dole, and was purchased from the 
Corning Glass Works. 

The paH values of the phosphate buffer mixtures were deter- 
mined by means of the hydrogen electrode, with the following 
type of cell. 

Hg | Hg2Cl:, saturated KCl || buffer | H: 


By means of the cell combination given below the paH values of 
the same buffer solutions were determined with the glass elec- 


trode. 
Hg | Hg2Cl2, saturated KCl || buffer | glass | 0.1 n HCl, AgCl | Ag 


Before each series of buffer determinations, the hydrogen elec- 
trode was carefully checked with 0.1 N HCl. All measurements 
reported in this paper were made at a temperature of 38° and the 
paH values are referred to the following standard of reference: 
paH of 0.1 nN HCl at 38° = 1.08. 

In any series of glass electrode determinations, a reference value 
was selected and the other paH values calculated by means of the 
equation: 

AE = 0.0617 ApaH 


Table I contains the results of a series of measurements carried 
out with phosphate buffers in which the hydrogen and glass 
electrodes were used. 

An approximate computation of the asymmetry potentials of 
the glass electrodes employed may be carried out with the aid of 
the following data. The e.m.F. of the cell 


H, | 0.1 n HCl, AgCl | Ag 


at 38° is —0.3491 volt. If the potential of the saturated calomel 
cell is assumed to be 0.236 volt at the same temperature, the 
theoretical potentials of the glass electrode for various pH values 
may be calculated by means of the equation: 


= —0.3491 + 0.236 + 0.0617 paH 


The difference between the calculated and observed potentials 
yields the asymmetry potential of the glass electrode. 
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The resistances of the glass electrodes employed varied from 20 
to 75 megohms. The high resistances of the electrodes are ex- 
plained by the fact that electrodes with rather thick membranes 


TABLE I. 
Values of Phosphate Buffers with Hydrogen and Glass Electrodes. 












































E.M.F. | paH 
Baro! Date a. Hyd | } 
KH.PO,. < | . ydrogen | | , | _Y 
KH:POx. | | Noo” ence | Glau. | Hydro- | Ging, | Devis- 
- | | | | 
3:7 Apr. 7 | 7a 0.6377 | 0.2842 | 6.39 6.39 0.00 
« 10 3a 0.6357 | 0.2832 6.36 6.39 +0.03 
| . = 10a 0.3382 6.38 6.37 —0.01 
=. - 9a 0.6381 | 0.3016 6.38 6.38 0.00 
4:6 = 4 7a 0.6480 | 0.2979 6.56 6.57 +0.01 
. 3a 0.6492 | 0.2948 6.58 6.58 0.00 
™ oe 9a 0.6496 | 0.3282 6.58 6.59 +0.01 
- 10a 0.3520 6.57 6.59 +0.02 
5:5* | se 2 6a 0.6561 | 0.3061 6.69 6.65 —0.04 
5:5 * 4 7a 0.6588 | 0.3086 6.74 6.74 0.00 
>. 3a 0.6594 | 0.3039 6.76 6.77 +0.01 
“ 2 9a 0.6600 | 0.3380 | 6.75 6.75 0.00 
* 10a 0.3621 6.75 6.75 0.00 
6:4 = 7 7a 0.6703 | 0.3165 6.92 6.91 —0.01 
" 9a 0.6705 | 0.3483 6.92 6.92 0.00 
* = 10a 0.3720 6.92 6.92 0.00 
7:3* . 2 6a 0.6770 | 0.3297 7.03 7.03 0.00 
7:3 ” 4 7a 0.6810 | 0.3305 7.10 7.10 0.00 
| e 2 9a 0.6822 | 0.3459 7.10 7.10 0.00 
8:2 = 4 7a 0.6953 | 0.3439 7.33 7.32 —0.01 
- = 9a 0.6963 | 0.3601 7.32 7.33 +0.01 
<« 2 7a 0.6965 | 0.3411 7.34 7.34 0.00 
. = 7a 0.3409 7.34 7.34 0.00 
9:1 | “7 7a | 0.7157 | 0.3624| 7.66 | 7.66 | 0.00 
* 2 9a 0.7182 | 0.3790 7.68 7.64 —0.04 
> 2 7a 0.7188 | 0.3612 7.70 7.67 —0.03 
9:1f " = 7a 0.7226 | 0.3669 7.98 7.76 —0.01 
93:3 = = 9a 0.7374 | 0.3982 7.99 7.95 —0.04 
*0.1 m. 
70.03 Mm. 


were purposely constructed in order to reduce breakage to a 


minimum. 
In general, if the electrodes are soaked in dilute hydrochloric 
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acid or water for about 72 hours before use they come to equilib- 
rium rapidly. On the other hand, if they do not receive this 
treatment, several hours are required before a steady potential is 
obtained. 


DISCUSSION. 


A review of the data presented reveals two outstanding facts, 
one of which is that the glass electrode is entirely reversible in the 
pH range studied, the other, that it is apparently as accurate as the 
hydrogen electrode. In the most alkaline mixture used the buffer 
was diluted in order to preclude any possible salt effect. In agree- 
ment with MacInnes and Dole we find that it is quite advisable to 
select an electrode having a low asymmetry potential if accurate 
results are to be obtained. 

It is quite obvious that the glass electrode has applications in 
manv fields. Asan illustration, we may state that we have success- 
fully determined the pH values of nitrocellulose solutions in ace- 
tone. 


SUMMARY. 


An improved form of vacuum tube potentiometer has been 
described, which, in connection with a constant temperature cell 
of new design, permits the determination of the paH of as little as 
0.05 ce. of fluid with accuracy. 
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THE CYSTINE DEFICIENCY OF THE PROTEINS OF 
GARDEN PEAS AND OF POTATOES. 


By JESSIE R. BEADLES, WINFRED W. BRAMAN,* anp 
° H. H. MITCHELL. 


(From the Division of Animal Nutrition, Department of Animal Husbandry, 
University of Illinois, Urbana.) 


(Received for publication, June 21, 1930.) 


In a previous publication (1) it was shown that the proteins of 
cooked (canned) green garden peas are deficient in cystine, since 
the growth of rats receiving a ration limited in nutritive value 
only in respect to its content of pea protein was stimulated by 
small additions of cystine over that of control rats receiving the 
same amount of unsupplemented basal ration. It was also shown 
by the same method, though less certainly because of the smaller 
number of animals used, that the nitrogenous substances of po- 
tatoes (peeled) are deficient in cystine for animal growth. Since 
the cystine deficiency of the garden peas may have been due to 
the cooking to which they had been subjected, the experiment was 
repeated on fresh green garden peas. The potato experiment was 
also repeated with a larger number of rats. 

The paired feeding method was used in this as well as in the 
preceding experiments. In this method each test animal has its 
own control, of the same sex, approximately of the same initial 
weight, and generally of the same litter, which throughout the 
feeding period receives the same amount of food and of the same 
composition except for the inclusion of a small amount of cystine 
and the slight adjustment of other constituents necessary to give 
rations of equal nitrogen content. 

The garden peas were obtained from the Horticulture Depart- 
ment of the University of Illinois. They were shelled, passed 
through a hand mill, dried at a low temperature, and reground. 


* On leave of absence from the Institute of Animal Nutrition, Penn- 
sylvania State College, State College. 
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In their final form they contained 5.21 per cent of water, 3.73 per 
cent of nitrogen, 4.49 per cent of crude fiber, 2.73 per cent of 
ether-soluble material, and 3.66 per cent ash. The potatoes 
(Ohio Red variety) were boiled, peeled, riced, dried at a low tem- 
perature, and ground. They were analyzed for nitrogen only, two 
preparations containing 1.65 and 1.74 per cent. 

The average formulas used in making up the rations as well as 
their nitrogen and crude protein contents are given in Table I. 
After a most thorough mixing of the finely ground constituents 
the rations were dried in a low temperature oven. The protein 

















TABLE I. 
Percentage Composition of Rations. 
Constituents. Peas. ——_ Potato. | pa gy 
Peas, garden, fresh................ 34.32 33.29 
RE Fie or wecaee sock San aa eee aR 75.48 73.23 
a | 0.24 0.24 
Salts, Osborne and Mendel*.......| 4.00 4.00 4.00 4.00 
| eee 10.00 10.00 10.00 
ES re ee eee 10.00 10.00 8.69 8.69 
Sodium chloride................... 1.00 1.00 - 1.00 1.00 
DN I Mates w a buink aenaaneon 40.68 41.47 0.83 2.84 
| eer eT 100.00 | 100.00 | 100.00 | 100.00 
RE rere ee ere 1.393 1.396 1.266 1.290 
ae ree 8.706 8.725 7.912 8.062 

















* Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 37, 572 (1919). 


content of each ration, approximating 8 to 9 per cent, was low 
enough so that it was the limiting factor in its growth-promoting 
value. Besides the experimental rations, the rats were given 
daily small amounts of vitamin concentrates, cod liver oil, tikitiki, 
and occasionally dried yeast. These addenda were varied ac- 
cording to the size of the rats and were increased occasionally to 
improve a failing appetite, but at all times pair mates received 
the same amounts of these materials. 

Nine pairs of rats were used in the experiment with garden peas, 
eight pairs of young rats less than 70 gm. in weight, and one pair 
of half grown rats. The feeding period lasted 9 weeks for the 
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young rats and 61 days for the older pair. The initial and final 
weights of the rats were determined by averaging in each case the 
weights on 3 consecutive days. Weights were also taken at the 
end of each experimental week. The results of this test are sum- 
marized in Table IT. 

In each of the nine pairs of rats the rat fed cystine gained the 
more, a result that would have been obtained by chance only once 


TABLE II. 
Value of Cystine As Supplement to Proteins of Fresh Green Garden Pea. 


All weights are given in gm. 

































































NTs a 4 4s08 or geWiecxcednies Cais | 1 2 3 4 5 
a _— 4 sigitigi¢gigiegigisis 
oO oO oO o Oo; 0 o oO o o 
Initial weight.............. 62| 64} 66) 67| 66 66| 6S} 69| 69| 67 
RR ate: 93} 98} 99| 109} 83; 95) 88) 105] 109| 127 
SE babe iccisinnncaekpoen 31| 34 33; 42] 17| 29] 20/ 36, 40| 60 
Total food...............-. 324) 324) 340] 340| 276| 280) 324) 323| 377) 376 
Days fed...................| 63] 63} 63] 63| 63| 63, 63; 63] 63| 63 
FRE Siva sacccsenenctaentansonews 6 7 8 9 
2/2/2/2/2/2/2/ 82 
r= 2 r 4 r z r z 
S|/d/i/S|/SI1sS/S}[ sic 
Initial weight.............. 55 | 55] 50| 47| 54| 54| 138 | 134 
i pageieessemmpbser: 96 | 113| 89| 100} 92) 109 | 187 | 210 
So acoaccdanetuiea 41 | 58| 49] 53| 38| 55| 49| 76 
Total food...............-. 311 | 309 | 312 | 308 | 345 | 345 | 546 | 543 
Days fed...................| 683 | 63| 63| 63] 63| 63| 61/ 61 























in 512 trials. The average difference in total gains between pair 
mates is 12.8 gm., and the standard deviation of these differences 
is 6.98. The mean is thus 1.8 times the standard deviation and 
according to “Student’s” (2) tables for assessing the significance 
of the means of small samples, the probability is less than 0.0005 
that a mean of nine variates will, by chance only, exceed the stand- 
ard deviation of the sample by as much or more than this. The 
experiment clearly demonstrates, therefore, that the one differ- 
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ence between test and control rations, namely the added cystine, 
was instrumental in securing more rapid gains. Since the only 
known way in which cystine could exert this favorable effect in a 
ration deficient only in protein is by improving the value of the 
protein for growth, it may be concluded that fresh garden peas 
contain a protein mixture which is biologically deficient in this 
amino acid. 

It is interesting to note how consistently the effect of cystine 
was brought out by this feeding method involving the equaliza- 


TABLE III. 


Comparison of Weekly Gains Made by Pair Mates in Experiment on Fresh 
Garden Peas. 





Total per wk. 

















Wk. | Pair | Pair | Pair Pair | P wl | Pair | ‘Pye Pa Pair 
a. 2. 3. 4 | 5. ‘ae 
Hid at al a in ld == 
\—| | 
1 +/-]-|]+}/+/+/+/4+]/+] 6) 2] 1 
2 | +] 4+]t]+]) +) 4+) -] +/+] 8] 1/0 
3 Sat bet bd 64 4 be be bd ba 3 | 1 
4 |+i]- —|+]/+/+)/+]4+] 4+] 6 2/1 
5 pepe lel+( +i —[ +} +]42]/ 5] 1] 3 
6 ei + fel +i +i +) +i + +| 7 0; 2 
7 }— | +] +] +i +] +] 4+] + +) 8 ;t/e 
8 +) t+ +/—-|+]4+}/4+}4+/}4+]} 8] 1/0 
9 soit Meal fer +/+] 4/4 at ok a 
eee RES AERIS MAR ds AE ace Me RE ice Mie ieee Sade 
Totals.+ | 4 | 5 | 4 s|s{e|s 7/7 | 87 | 
—-|3]4/3]/1);0;2]/1]1]0 5 
+] 2/0 ]2;/0,;1);/1];/0/1] 2] | 9 

















+ indicates a greater gain by the rat in the pair fed cystine, —a greater 
gain by the control rat, and + equal gains by pair mates. 


tion of the consumption of food between each experimental animal 
and its control. A comparison of the weekly gains of pair mates 
will serve this purpose. In Table III these comparisons are made 
for each pair for each week of the experiment. In Table III a plus 
sign indicates a greater gain by the rat fed cystine, a minus sign 
a greater gain by the control rat, and a plus-minus sign an equal 
gain by the pair mates. 

In every week of the experiment except the last the gains by the 
rats receiving the ration supplemented with cystine exceeded those 





XUM 





XUM 


Beadles, Braman, and Mitchell 619 


of their pair mates in the majority of the pairs, and for the entire 
experiment there were 57 comparisons favoring the cystine rats, 
nine comparisons favoring neither rat, and only fifteen compari- 
sons favoring the control rat. 

The experiment on potato proteins involved eight pairs of rats. 
At the end of 2 weeks one pair was removed because of poor appe- 


TABLE IV. 
Value of Cystine As Supplement to Proteins of Potato. 


All weights are given in gm. 












































Sp ope 1 2 | 3 4 
. a | .. 2 | ‘ é . 7 
(3/2 /B]| 21/8} 218) 2 
si 2121/2 /212121 2 
iS /S/8 1/1/81] sis 
Initial weight............... 66| 65| 54| 53] 71| 69| 67| 66 
Final weight*............... 102 | 115 94 | 121 96 | 120 | 109 | 123 
SE i i te 36 50 40 68 25 51 42 57 
| See 316 | 319 | 395 | 395 | 382 | 385 | 383 | 386 
Days fed....................| 683] 68 63 63 63 63 63 63 
Ree aera 5 6 7 8 
glalelalalalal 
sid /s16e/}/s8 1/6/1816 
Initial weight............... 66; 68) 56) 54) 54); 54| 86] 82 
Final weight.*...............| 124 | 145 | 102 | 115 80 | 109 | 125 | 129 
EECA peer ror 58 77 46 61 26 55 39 47 
CR a Se ce 444 | 444 | 357 | 355 | 307 | 311 | 336 | 342 
Days fed....................| 63] 63] 63| 63] 63] 63; 49)| 49 


























* The final weights of rats in this experiment are the weights at the end 
of the last day of feeding, rather than averages of 3 consecutive days, as in 
all other initial and final weights reported in this paper. 


tite and general malnutrition and another pair was substituted for 
it. The feeding period lasted 9 weeks for the original seven pairs, 
and seven weeks for the substituted pair. The results of this test 
are summarized in Table IV. 

In each of the eight pairs, the rat receiving the added cystine 
made the more rapid gain, a result that would have occurred by 
chance only once in 256 trials. The average difference between 
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the total gains of pair mates is 19.25 gm. and the standard devia- 
tion of the eight differences is 7.14 gm. The mean is thus almost 
2.7 times the standard deviation and the probability of its occur- 
rence by chance is, according to ‘‘Student’s” table, extremely 
small. 

The comparisons between the weekly gains of pair mates are 
summarized in Table V. Starting with the 4th week, the evidence 
consistently and strongly favors the pair mates receiving the cystine 
supplement. In the entire experiment, 50 comparisons favor the 


























TABLE V. 
Comparison of Weekly Gains Made by Pair Mates in Experiment on Potato. 
-_ Pair | Pair| Pair Pair Pair | Pair| Pair | Pair | 7°! Per wk. 
‘ 1. 2. 3. 4. 5. 6. 7. 8. 
a _ + 
1 (tel eit l/—~-}+zf],-]+ 3 2 2 
2 Tin 1 et [ ~- ) = 1 > | SS 3 4 0 
3 tzitezi ti +i ti -i-| + + 2 2 
4 +it i+ | +) ei +t 1 ei = 7 1 0 
5 Siti +s | el eit i =~ | + 7 1 0 
6 + +)/- + +/+] 4+]-] 6/2] 0 
7 -—-ir li rl rit i tei et + 7 1 0 
8 r— |] _ rie l et ie) eT = 6 2 0 
9 Ka ceo aa eee eae 2 ee 7 0 1 
Totals. + | 6 6 8 7 7 6 6 4 | 50 

—/|2 1 1 2 1 3 2 3 15 

+ 1 2 0 0 1 0 1 0 5 














+ indicates that the rat fed cystine gains the faster, — that the control 
rat gains the faster, and + that pair mates gain the same. 


cystine rat, five favor neither pair mate, and only fifteen favor 
the control rat. 

All of this evidence is quite decisive in showing that cystine 
supplements the potato proteins, by which is meant the nitrog- 
enous compounds of potato capable of serving in protein syn- 
thesis in the body. 

An integral part of these paired feeding experiments as they are 
being standardized in this laboratory is the systematic recording 
of all refusals of feed from day to day, necessitating a restriction 
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in the daily food portion of both rats of a pair. The feeding is de- 
signed to keep one rat in each pair practically at full feed, so that 
the refusals of food mark the rats which are taking their food with 
less avidity and hence are setting the pace for their pair mates. 
If the belief quite commonly held that the more complete of two 
rations will be consumed in the greater amount were true, one 
would expect in these cystine experiments that whenever cystine 
improves the growth-promoting value of a ration, the ration sup- 
plemented with cystine would be consumed more readily than the 
ration containing no added cystine. Our records of food refusals 
do not bear this out, however. 

In the potato experiment just considered there were thirty-six 
refusals of food by control rats to only nine by the rats fed cystine, 
but in the garden pea experiment, there were only twenty-one 
refusals of feed by the control rats to forty-seven by the rats fed 
cystine. Going back to the cystine experiments by the paired 
feeding method previously reported (1), during which such records 
were first made, we find that, in the trial with canned garden peas, 
there were 59 refusals of feed among the control rats to 80 among 
the cystine rats, while in the experiments with milk there were 
forty-eight refusals of feed among the controls to forty-two among 
the rats fed cystine. In both of these experiments the evidence 
was conclusive that the unsupplemented rations were deficient in 
cystine. 

The paired feeding experiments do not support the assumption 
that the more complete of two rations will always, or even gener- 
ally, be consumed in the greater amount. 


CONCLUSIONS. 


In paired feeding experiments involving nine and eight pairs of 
rats, respectively, it has been shown that the growth-promoting 
value of the proteins (N X 6.25) of fresh green garden peas and of 
boiled and peeled potatoes is enhanced by the addition of cystine. 
Hence, these protein mixtures are deficient in this amino acid. 

In a number of experiments in which the growth-promoting 
value of a ration was increased by the inclusion of cystine within 
it, we have not been able to show that the supplemented ration 
was consumed with any more avidity than the unsupplemented. 
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— 


These experiments afford no support for the assumption that the 
more complete of two rations will always, or even generally, be 
consumed in the greater amount. 


BIBLIOGRAPHY. 


1. Mitchell, H. H., and Beadles, J. R., J. Nutr., 2, 225 (1930). 
2. Student, Biometrika, 6, 1 (1908). 





val 


the 
be 





THE RELATION BETWEEN CYSTINE DEFICIENCY IN 
THE DIET AND GROWTH OF HAIR IN 
THE WHITE RAT. 


By JESSIE R. BEADLES, WINFRED W. BRAMAN, * anp 
H. H. MITCHELL. 


(From the Division of Animal Nutrition, Department of Animal Husbandry, 
University of Illinois, Urbana.) 


(Received for publication, June 21, 1930.) 


The paired feeding experiments described in the preceding paper 
presented an opportunity to obtain some direct information on a 
question that has been recently revived by Lightbody and Lewis 
(1); z.e., the relation between the cystine content of the diet and 
hair growth.. Lightbody and Lewis concluded from their experi- 
ments on different groups of white rats receiving rations contain- 
ing 16.70 per cent of whole milk powder, with graded additions of 
casein from 0 to 16 per cent, that, “The amount of hair produced, 
like the general somatic development, was related to the protein (and 
cystine) content of the diet, but under the experimental conditions 
of the present study, the demands for protein (and cystine) for 
the growth of the hair appeared to be secondary in importance to 
the demands for growth of the body with its more essential tis- 
sues.” However, these experiments were not planned so as to 
afford any direct information on the relation between cystine and 
hair growth, since in no case was cystine a sole variable between 
any two diets. In fact, the implication that cystine was specifi- 
cally involved in the greater hair growth obtained on the rations 
containing the higher concentrations of casein, seems quite incon- 
sistent with the known deficiency of casein in this amino acid. 

In the experiments described in the preceding paper, seventeen 
pairs of rats were fed upon a low protein diet (8 to 9 per cent). 
The protein mixture in each of the two diets used was demon- 


* On leave of absence from the Institute of Animal Nutrition, Pennsyl- 
vania State College, State College. 
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strably deficient in cystine. One rat in each of the seventeen 
pairs received a small cystine supplement, but the intake of food 
was the same for all pair mates. In each pair the rat receiving 

















TABLE I. 
Growth of Hair on Garden Pea Ration with and without Added Cystine. 
| Weight of hair. 
. Bod Surf: 
Rat No. Sex. wi. — Per gm. Per sq. 
Total. body | cm. body 
weight. | surface. 
gm. sg. cm. gm. mg. mg. 
1 os Control. 93 190 0.7701 | 8.28 4.05 
2 ou Cystine. 98 196 0.8774 | 8.95 4.48 
3 roi Control. 99 198 0.7892 | 7.97 3.99 
4 rou Cystine. 109 209 1.1918 | 10.93 5.70 
5 ou Control. 83 178 0.7985 | 9.62 4.49 
6 roi Cystine. 95 193 1.1138 | 11.72 5.77 
7 # | Control. 88 184 | 0.6681 | 7.59 | 3.63 
8 a" Cystine. 105 205 0.9301 | 8.86 4.54 
9 rou Control. 109 209 0.7948 | 7.29 3.80 
10 of Cystine. 127 229 1.0408 | 8.20 4.54 
11 ros Control. 96 194 0.8671 | 9.03 4.47 
12 ros Cystine. 113 214 1.2462 | 11.03 5.82 
13 9 Control. 89 185 0.9719 | 10.92 5.25 
14 .°) Cystine. 100 199 0.9564 | 9.56 4.81 
15 9 Control. 92 189 0.9970 | 10.84 5.28 
16 9 Cystine. 109 209 1.2423 | 11.40 5.94 
17 ou Control. 187 289 3.0121 | 16.11 | 10.42 
18 ros Cystine. 210 310 2.9844 | 14.21 9.63 




















added cystine grew faster than its control mate on the same amount 
of food, a specific result of the cystine addendum. 

The purpose of the present study is to report the effects of the 
cystine supplement on the growth of the hair. The rats were 
killed with ether, skinned, and the skins depilated by enzyme 
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” digestion according to the method used by Lightbody and Lewis. 
sd The hair was collected, washed, dried, and weighed, also in ac- 
Ww cordance with their directions. The results are given in Tables 
Tand II. 
TABLE II. 
_ Growth of Hair on Potato Ration with and without Added Cystine. 
—_ Weight of hair. 
iy Rat No. Sex. 4 — Per gm. Per sq. 
e. Total. y cm. body 
a weight. surface. 
gm. sg. cm. gm. mg. mg. 
1 rot Control. 102 200 1.1862 | 11.63 5.93 
2 rot Cystine. 115 216 1.7587 | 15.29 8.14 
) 3 ou Control. 94 192 1.1095 | 11.00 5.78 
4 roi Cystine. 121 224 1.6370 | 13.53 7.31 
} 
’ 5 rot Control. 96 194 1.2096 | 12.60 6.24 
6 rou Cystine. 120 224 1.7334 | 14.44 7.74 
’ 7 of Control. 109 209 1.3986 | 12.83 6.69 
8 roi Cystine. 123 225 1.2394 | 10.08 5.51 
' 9 ro Control. 124 226 1.3333 | 10.75 5.90 
10 ret Cystine. 145 247 1.4329 | 9.88 5.80 
d 
) 11 fot Control. 102 200 1.2310 | 12.07 6.16 
12 ou Cystine. 115 215 1.4462 | 12.58 6.73 
) 
15 ou Control. 80 174 1.0248 | 12.81 5.89 
16 rot Cystine. 109 209 1.4379 | 13.19 6.88 
17 .°) Control. 125 227 1.5075 | 12.06 6.64 
18 g Cystine. 129 230 1.9828 | 15.37 8.62 
) 
3 . . . . . 
= In analyzing the significance of these results, the differences in 
total weight of hair, and in weights per gm. of body weight and per 
nt sq. em. of body surface (2), between pair mates have first been 
obtained. The mean of each set of eight or nine differences has 
he then been computed, as well as the standard deviation. ‘“Stu- 
re dent’s”” method (3) has then been applied. In this method the 
ne 
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ratio of the mean of the set of differences between paireg observa- 
tions to their standard deviation is obtained and is designated z. 
Then with the number of differences (eight or nine in this experi- 
ment) and the value obtained for z, one may enter “Student’s” 
table and find the probability of getting a mean difference as large 
or larger than that obtained by the operation of chance only. 

These calculations have been made for the data of this experi- 
ment, and the results summarized in Table III. 

The positive signs of the average differences indicate that the 
rat fed cystine has produced the greater average weight of hair. 
The significance of these averages is measured by the values of P 


TABLE III. 
Estimation of Significance of Differences in Hair Weight between Pair Mates 
by Method of “‘Student.’’ 
































No. of dif- Mean | Standard | Ratio | Proba- 
Hair weight. ferences. | difference. | deviation.| M:s. bility. 
N M 8 z P 
Rats on garden pea ration. 
| | 
TE aa | | 9 | +0.2127| 0.149 1.43 | 0.0019 
Per gm. body weight....... | 9 | 40.80 | 1.49 | 0.54 | 0.084 
“ sq. cm. surface......... 9 +0.65 0.77 | 0.84 | 0.023 
Rats on potato ration. 
ae re at | | 
Total....0.000.00ccccceee{ 8 | 40.8385 | 0.242] 1.38. | 0.0041 
Per gm. body weight....... 8 +0.98 | 1.99 | 0.49 | 0.12 
“ sq. em. surface......... 8 | +0.94 | 1.06 | 0.89 | 0.026 





in the last column of Table III. The smaller the value P the less 
likely is it that the average difference in hair weight was the 
result of chance factors only, and hence the more significant it 
becomes as a specific effect of the cystine addition. 

As regards total hair weight there can be no question but that 
the added cystine has favored a more rapid growth of hair, as it 
did of the total body tissues measured in body weight. The odds 
are only 2 and 4 in 1000 that chance produced the large average 
differences in total hair weight in the two experiments. 

The average differences in hair weight per gm. of body weight 
between pair mates are evidently not significant. Chance alone 
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could have produced the same result once in eight trials in the case 
of the experiment with potato, and once in twelve trials in the case 
of the the experiment with garden pea. 

On the other hand, when the hair weight is computed per sq. em. 
of body surface and the pairs compared on this basis, it appears that 
the average differences are of such size that chance could hardly 
have produced them. With P = 0.023, as in the first experiment, 
an average difference as large or larger than that obtained, +0.65, 
would have resulted from chance only once in forty-three trials. 
With P = 0.026, as in the second experiment, an average differ- 
ence as large or larger than +0.94 mg. of hair per sq. em. of surface 
would have resulted from chance only once in thirty-eight trials. 
These probabilities are so small that it becomes practically cer- 
tain, especially on the combined weight of evidence of the two 
experiments, that the cystine added to the basal diet has produced 
a heavier coat of hair per unit of body surface. 


CONCLUSIONS. 


The addition of cystine to a diet whose protein content is so low 
as to be the limiting factor in growth and is deficient in this 
amino acid, increases its value in the promotion of hair growth 
in the albino rat. 

The coat of hair produced on such rations when supplemented 
with cystine is not only heavier in toto, as compared with that pro- 
duced on the same amount of the unsupplemented ration, but it is 
heavier per unit of surface area. Hence it appears that, under 
these conditions, the growth of hair has been stimulated to a 
greater extent by the cystine supplement than has the growth of all 
tissues as measured by increase in body surface. There is no indi- 
cation that the demands of the more vital tissues for cystine have 
taken precedence over the demands of the hair follicles. 
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CORRECTION. 


On page 31, Vol. Ixxxviii, No. 1, August, 1930, Table I, last column, 
first figure, read +29.3 for +2.93. 











EXPERIMENTAL HYPERPARATHYROIDISM IN GUINEA 
PIGS LEADING TO OSTITIS FIBROSA.* 


By AARON BODANSKY, JOHN E. BLAIR, anp HENRY L. JAFFE. 
(From the Laboratory Division, Hospiial for Joint Diseases, New York.) 
(Received for publication, April 16, 1930.) 


The relation of the parathyroids to the physiology and pathology 
of bone has been suggested in numerous studies. Clinical experi- 
ence revealed the association of parathyroid enlargement with bone 
dystrophies. The significance of this association was brought out 
particularly in ostitis fibrosa cystica. Clinical symptoms, high 
serum calcium values and low serum phosphorus values, which are 
found in this condition, as well as clinical improvement following 
partial parathyroidectomy, pointed to hyperparathyroidism as 
the cause of the bone lesions observed.' Similar bore lesions, how- 
ever, have not been reported to follow experimental hyperparathy- 
roidism. Parathormone administration to dogs over a prolonged 
period resulted, indeed, in the production of negative calcium and 
phosphorus balances (1), but the depletion was quantitatively not 
great enough to be demonstrated by x-ray (2). Bauer, Aub, and 
Albright (3) administered parathormone over long periods of time 
to cats, rabbits, and rats, but only in the rabbit were they able to 
find definite effects—the thinning of the trabecule—without sub- 
stantial effect upon the bone cortex. Histological examination of 
the bone was apparently omitted. 

It has generally been concluded from the absence of effects or 
from relatively slight effects upon serum calcium after parathor- 
mone injections that cats, rabbits, rats, mice, and guinea pigs were 
relatively “immune” to parathormone. We believe that hyper- 
calcemia should not be used, as it has frequently been used, both ex- 


*A preliminary report appeared in Proc. Soc. Exp. Biol. and Med., 27, 
708 (1930). 

1 The literature on this subject has been reviewed by Barr and Bulger 
(Barr, D. P., and Bulger, H. A., Am. J. Med. Sc., 179, 449 (1930)). 
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perimentally and clinically, as the sole criterion of hyperparathy- 
roidism. That a sufficiently increased rate of calcium excretion 
may be responsible for the absence of definite hypercalcemia has 
been suggested by Greenwald and Gross (1). Furthermore, para- 
thyroid hypercalcemia may be absent or may be decreased after 
administration of bases (4), and therefore in herbivorous animals 
the dietary factor may be of importance. It may be taken as a 
starting point therefore that the effectiveness of parathormone is 
to be defined in terms of changes in acid-base equilibrium, with 
mobilization of the calcium reserves of bone and other tissues and 
increased calcium and phosphorus excretion, particularly in the 
urine. A very useful criterion of parathormone effect is available 
in the histological examination of the bones and tissues. While it 
can be generally used only to observe the end results of experimen- 
tal hyperparathyroidism, and the quantitative estimate of bone 
resorption must be supplemented, if precise data are required, by 
chemical analysis, histological examination yields information not 
only on the extent of decalcification and resorption of bone, but 
also on the nature of the associated lesions in the bone and other 
tissues. 

The animals that have been assumed to be immune or tolerant to para- 
thormone are of particular interest not only because of the mechanism 
by which hypercalcemia is prevented or moderated after single doses 
of parathormone, but also because of the magnitude of the effect upon 
the bone to be expected after large repeated doses of parathormone, 
which may be given without producing fatal hypercalcemia. 

In this study we used the guinea pig in an attempt to ascertain: 
(a) the effect of feeding and prolonged fasting upon its serum cal- 
cium and serum phosphorus responses to single injections of para- 
thormone, and (6), the effects of repeated injections of parathor- 
mone (chronic hyperparathyroidism) upon the serum calcium and 
phosphorus as well as upon the bone and other tissues. The 
histological findings will be reported in detail elsewhere (5). 


A. Effects of Single Large Doses of Parathormone on Fed and 
Fasted Guinea Pigs. 


Moritz (6) studied the effects of 50 units of parathormone, in- 
jected in several doses during a period of about 12 hours. The 
earliest significant rise was observed at about 10 hours after the 
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first injection. High values (about 17 mg. per 100 cc.) were ob- 
tained as early as 10 hours and as late as 24 hours after the first 
injection. Return to normal values was obtained at intervals 
varying from 22 to 30 hours. The results show considerable varia- 
bility between individual rabbits. No phosphorus data are given. 

Collip (7), recalling his own earlier negative results in rabbits 
and rats, as well as those of Macleod and Taylor (8), stated that 
hypercalcemia could be induced in most normal rabbits by “enor- 
mous” doses of the extract, either in single or repeated injections. 
He found no effect on the inorganic phosphorus of the whole blood, 
and observed no signs of overdosage. Greenwald and Gross (1) 
stated that dangerous hypercalcemia could not be produced in 
rats and rabbits. They gave no specific data. 

Condorelli (9) injected his own preparation of canine parathyroid 
gland into a dog and rabbits and obtained an elevation of serum 
calcium of only 0.8 mg. in the dog, as compared with elevations of 
1 to 4.5 mg. in the rabbit. It is well known that to produce a 
given effect in the rabbit disproportionately larger doses of para- 
thormone are required than in the dog. There was no such dis- 
parity between the dosages employed by Condorelli. Unless 
Condorelli’s parathyroid extracts differed greatly from Collip’s, 
his results must be viewed with reservations. 

Tweedy and Chandler (10) found that rats responded to para- 
thyroid extract by an elevation of serum calcium, and that 
parathyroidectomized rats were 2 to 3 times more responsive than 
normal controls. Siissman (11) was unable to get distinct eleva- 
tion of serum calcium in mice, confirming a previous observa- 
tion of Macleod and Taylor (8). Very high normal serum calcium 
values are reported by Siissman, 18 to 20 mg. per 100 cc. Mac- 
leod and Taylor do not give specific data. 

Macleod and Taylor (8) stated that injection of massive doses of 
parathormone into guinea pigs, whether fasted or fed, produced 
“absolutely no effect.’”’ Later, Taylor (12) added the observation 
that “though a dosage greatly in excess of that given to dogs was 
employed, rabbits, guinea pigs, and mice were quite immune to 
the action of the extract.” 

We found no other studies on the blood calcium of guinea pigs, 
on the excretion of calcium, or on the exhaustion of their bone cal- 
cium after parathormone administration, either in single or re- 
peated doses. 
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Experimental Procedures. 


Diet.—Most of the animals used were raised in the laboratory 
and were of clean and healthy stock. Their diet consisted of oats, 
hay, carrots, cabbage, and water ad libitum. When they were 
fasted they were put in clean cages with wide meshed bottoms to 
prevent consumption of feces. Fresh water was supplied during 
the period of fasting. 

Fasting —The normal diet of Herbivora, and specifically the 
diet of guinea pigs, yields in the course of metabolism a basic 
balance. However, during prolonged fasting guinea pigs excrete 
an acid urine. It seemed plausible that in fed guinea pigs the 
alkaline balance of the diet was at least in part responsible for 
their peculiar tolerance to large doses of parathormone. To 
test that assumption, we decided to eliminate the effect of the al- 
kaline diet by prolonged fasting. It was judged necessary to in- 
stitute long fasting periods (60 hours and longer), as well as short 
fasting periods of about 24 hours. The longer periods would pre- 
vent the possible effects of absorption during the passage of food 
through the gastrointestinal tract, and the delayed effects of 
recently absorbed inorganic salts. ‘That excessive waste of tissues 
during prolonged fasting had not occurred was checked by ob- 
serving the weight at the end of the fasting period. We found that 
the animals had lost not more than 10 to 15 per cent of their 
weight, after allowance was made for the weight of the gastro- 
intestinal contents. On the whole, the younger animals had 
lost proportionately more weight than the adults. 

Control tests on animals fasted for 60 hours or longer showed 
that equal periods of fasting, as such, did not affect their serum 
calcium. The effects of prolonged fasting on normal serum phos- 
phorus were taken into consideration in interpreting the parathor- 
mone effects. 

Parathormone Dosage.—The dosage of parathormone was varied 
between about 10 and 20 units per 100 gm. of guinea pig, on the 
basis of weight after fasting. When animals were fed up to the 
time of injection, their weight after fasting was estimated at 90 per 
cent of actual weight. This estimate was checked by weighing a 
large number of animals 24 hours after removal of food, and was 
found to be correct. The extract was injected subcutaneously, 
usually in the axilla, and frequently, when large doses were given, 
they were divided and injected into both axille. 
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Collection of Serum Samples.—Blood was taken at various inter- 
vals after the injection of parathormone in order to find the earliest 
evidence of definite effect on serum calcium and phosphorus. The 
animals were stunned by a sharp blow at the base of the skull and 
the large vessels of the neck were exposed and cut. The blood was 
allowed to clot and retract spontaneously before being centrifuged. 

Analytical Methods.—Serum calcium was determined by the 
Clark-Collip modification of the Kramer-Tisdall method and serum 
phosphorus by the Benedict-Theis method. Calcium determina- 
tions were performed in duplicate when possible. Phosphorus 
determinations were always duplicated. 


Experimental Results. 


Controls.—For a proper interpretation of our results we found it 
necessary to define the range of serum calcium and phosphorus in 
normal guinea pigs, under our conditions. Thirty-three animals 
were examined. 

Our average serum calcium value for all was 10.5 mg. per 100 cc. 
Each group average (young and old, fasted and fed) varied from 
that value only within the limits of analytical error. Only two ani- 
mals exceeded that value by more than 1 mg. Three animals 
showed serum calcium as low as 9.5 to 9.8 mg. We therefore feel 
justified in inferring parathormone hypercalcemia whenever a high 
proportion of animals shows more than 1 mg. rise above our average, for 
an extremely small proportion of normal animals shows a similar eleva- 
tion above our average value (Chart 1). 

On the whole, the serum phosphorus tended to be higher in the 
younger than in the older animals, but there was considerable 
variability within each group. Furthermore, our experimental 
results in regard to phosphorus were variable and showed no uni- 
form trend in response to parathormone injection. We have 
therefore not attempted to establish any strict normal criteria for 
serum phosphorus (Charts 2 and 3). There was practically no 
difference between the phosphorus values of the fed adults and 
those fasted 60 hours or longer (4 to 5 mg. per 100 ec. of serum). 
The young guinea pigs showed a lower serum phosphorus (about 
5 to 6 mg.) after a prolonged fast when compared with the young 
fed animals or those fasted for about 24 hours (6 to 8 mg.). 

Effects of Single Doses of Parathormone on Serum Calcium. 1. 
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Young Guinea Pigs.—In twenty-three young guinea pigs fasted for 
about 60 hours definitely higher serum calcium was found as early 
as 4 hours after injection; it increased to a maximum after 18 to 36 
hours, and persisted at a high level to the 48th hour after the in- 
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Cuart 1. Range and distribution of serum calcium values at different 
intervals after a single injection of parathormone, compared with control 
values. The intervals (in hours) are represented by the figures. The dis- 
tribution of control values is indicated by zeros; two control values not 
included within the boxes indicate, approximately, the rarity of occurrence 
of atypical values. Animals fasted for about 24 hours are not included in 
this chart. Interval figures of two animals without food for 41 hours are 
underscored. 


jection. On the other hand, twelve fed animals showed lesser ef- 
fects at all intervals after a single injection (Chart 1). Although 
high calcium values were observed at the 24 and 36 hour intervals, 
substantially lower values were also found in each of these interval 
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groups. These latter values, very close to the normal range, cor- 
roborate our impression of the antagonism between the alkaline 
diet and parathormone effects upon the serum calcium of guinea 
pigs. (The serum calcium of ten young animals fasted for about 
24 hours, at the various intervals after injection, resembled the 
fed group very closely. Their figures were therefore not included 
on the chart.) 

Thus definite although not dangerous hypercalcemia follows ad- 
ministration of parathormone to young guinea pigs fasted for long 
periods, but is counteracted by feeding, completely after the short 
and long intervals, and partially even at the time of maximum 
effect —24 and 36 hours after injection. That prolonged fasting as 
such cannot be assumed to be a factor in raising appreciably the 
serum calcium of guinea pigs, apart from the action of parathor- 
mone, is shown by the values for the fasted controls, which are 
similar to those of the fed controls (Chart 1). 

2. Adult Guinea Pigs.—Different results might have been ex- 
pected with adult guinea pigs. The serum of fourteen fasted and 
thirteen fed animals was studied. The data are presented in Chart 
1. The effects of parathormone upon the adult guinea pigs 
fasted for 60 hours or longer, the dose of extract being proportion- 
ate to weight, were not as great as upon the young animals. Nor 
is the effect of feeding on the serum calcium elevation in the adults 
as definite. These observations of the relatively slight effects of 
parathormone upon serum calcium of adult guinea pigs and of the 
relative unimportance of food in modifying such effects may ex- 
plain the results of Macleod and Taylor (8), with both fasted and 
fed guinea pigs, if they used adults. Parathormone effects in adults 
would be observed only during a relatively short period and with 
insufficient dosage conclusively positive results could easily be 
missed. 

As a general observation, it may be stated that a large dose of 
potent endocrine extract will frequently produce its greatest 
effect not by raising or depressing further the content of a chemical 
substance in the blood, but by the prolongation of such effect. 
Thus, maximum or minimum values of long duration may be the 
most striking evidence of the effect of a large dose in such tests. 
In our tests, a plateau persists between the 24 and 48 hour intervals 
in the young animals after a prolonged fast. Decline probably 
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begins at about 48 hours. The absence of the plateau in the older, 
and its shorter duration in the fed young animals, is an added ex- 
pression of less marked effects of parathormone upon the serum 
calcium. 

Histological Findings in the Bones.—The bones of a number of 
young guinea pigs given single large doses of parathormone were 
examined, and the histological findings were consistent with the 
serum calcium data. Bones taken 18 hours after injection or later 
showed extensive resorption both of the cortical and spongy bone, 
proving histologically the removal of bone calcium, the mobiliza- 
tion of which was indicated by the high serum calcium. Fibrous 
transformation of the marrow occurred at the costochondral junc- 
tion and in the vicinity of the epiphyseal cartilage plate. Guinea 
pigs killed 48 hours after a single dose of parathormone showed re- 
sorption of the bones so complete as to produce infraction. Often 
the cortex of the bone near the costochondral junction was con- 
verted into a pink-staining tissue, consisting of disorganized bone 
fibrils, which remained after the removal of the inorganic constitu- 
ents of the matrix. These findings were striking evidence of the 
severe and extensive decalcification that one large dose of para- 
thormone was capable of inducing. The decalcification was hardly 
apparent before the 12th hour and was, to some degree, more 
severe in the guinea pigs on a prolonged fast. These changes were 
absent in adult guinea pigs. 

Effects of Single Injections of Parathormone upon Serum Phos- 
phorus.—Although the range of normal phosphorus values in the 
young and adult, fasted and fed guinea pigs was wider than the 
range of calcium values, many phosphorus figures indicated 
overdosage. The effect on the young guinea pigs, fasted for about 
60 hours was striking (Chart 3). A large proportion of values 
was far above the zone of similarly fasted controls. It is note- 
worthy that some of the high values were obtained at relatively 
earlier intervals after injection than the high calcium values. 
The adults fasted for the same length of time show few higher values 
than the fed adults after similar doses of parathormone. This 
is consistent with our observations on the effects upon serum cal- 
cium. On the other hand, the serum phosphorus of the fed animals, 
young and adult (Chart 2), shows a distribution not far above 
the zone of fed control values, indicating that parathormone 








he 
a- 


ls, 
ve 
ne 





Bodansky, Blair, and Jaffe 637 


action was moderated by the alkaline diet at least to the extent 
of mitigating or abolishing its overdosage effects. 
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Cuart2. Serum phosphorus of fed animals, plotted against body weight. 
The distribution of phosphorus values obtained at different intervals (in 
hours, represented by the figures) after a single injection of parathormone is 
compared with the distribution of the control values (represented by 
black ovals). Underscored figures represent the intervals (after injection) 
for animals that were fasted for 24 hours. The sloping line indicates the 
approximate trend of control values. Values within about 1 mg. may be 
considered within the normal range. 


High phosphorus values were frequently associated with high 
calcium values, although the reverse was not true: high seru:n 
calcium was sometimes found with apparently normal, or per- 
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haps even low serum phosphorus. These results may be reconciled 
on the assumption that a coincidence of high calcium and high 
phosphorus indicates pronounced overdosage. As is well known, 
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Cuart 3. Serum phosphorus of animals after prolonged fasting, plotted 
against body weight. (For meaning of figures and black ovals see legend 
to Chart 2.) Underscored figures represent the intervals (after injection) 
for guinea pigs that were fasted for 41 hours. The other animals were fasted 
about 60 hours. 

Note the depression of the serum phosphorus of controls. 


moderate doses of parathormone, in man and dog at least, lower 
the serum phosphorus, while overdosage will be followed in these | 
species by high values. Collip (7) concluded that large doses of 
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parathormone produced no effects on serum phosphorus of rabbits. 
We believe that overdosage effects upon the serum phosphorus of 
young guinea pigs, and probably of rabbits may be demonstrated 
when the action of the extract is not inhibited or counteracted by 
the influence of an alkaline diet. 


B. Effects of Repeated Doses of Parathormone. 


Few observations are recorded on the effect of injections re- 
peated at intervals short enough to assure continuous action and 
continued long enough to insure considerable bone resorption. 

Burns (13) injected gradually increasing doses of parathormone 
into eight rats—from 2 units on alternate days when the rats were 
about 6 weeks old to 10 units during the last 2 weeks of the test, 
which lasted for 14 weeks. Neither bone growth nor bone calcium 
were affected. 

Hueper (14) and Learner (15) observed the effects of repeated 
injections of large doses of parathormone upon calcium deposition 
in tissues and organs. The bones were not examined histo- 
logically. 

Bauer, Aub, and Albright (3) studied the effects of repeated 
parathormone injections into rabbits, rats, and kittens. They 
employed large doses, and continued the treatment for long 
periods. In rabbits they observed, at the termination of the ex- 
periment, an increased serum calcium and fewer spongy trabec- 
ule. They associated a negative calcium balance in both young 
and adult animals, and demands upon readily available calcium 
in both young and adult animals, with a depletion primarily of 
the spongy trabeculae. They concluded that in cats and kittens 
parathormone had no effects, and that in rats its injection led to 
an increased number of trabecule. It is difficult to reconcile 
their observation of increased trabecule in these animals with 
their interpretation of the réle of trabecule. They do not seem 
to have made a histological examination of the bones. 

Lambie, Kermack, and Harvey (16) found that trabecule were 
thinned, bone ash decreased, but bone calcium not affected in 
rats after injection of 10 units daily for 21 days. 

‘Normal or low serum calcium values, as we have pointed out, 
may not by themselves be taken as proof of absence of parathor- 
mone effect. This observation is particularly applicable when 
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parathormone is administered repeatedly over a long period. 
In our experience with dogs (17), hypercalcemia was absent after 
prolonged administration of parathormone, unless the dose was 
increased or the animal had been allowed to replenish its re- 
serves of available calcium. Mineral balance studies would be 
indispensable to establish the degree of effectiveness of para- 
thormone during the course of administration, or histological 
examination of the bones, to establish the end results at the 
termination of the experiment. So far we have employed only 
the latter (18). 


Experimental Procedures. 


The general procedures were detailed above. 

The animals used in this test were all young, this being con- 
sidered a necessary condition for the production of maximum effects 
on the serum calcium as well as on the bone. The initial weight 
of the guinea pigs was, with few exceptions, between 300 and 400 
gm. The condition of the guinea pigs during the progress of 
the tests was checked by weighing at frequent intervals. 

To test the effects of dosage and of length of treatment, the 
guinea pigs were divided into several groups: Group 1 included 
those given daily injections of 10 and 20 units for 10 and 16 days. 
Group 2 included three animals treated for 34 days; the maximum 
daily dose was 16 units, preceded in two of the guinea pigs by 
previous treatment with smaller doses. Group 3 included six 
animals given rapidly increased doses, up to 40 units daily for 6 
days and four animals stepped up gradually to 60 units. Group 
4 included animals given large doses—up to 100 units daily— 
for periods of varying duration, after preliminary treatment with 
smaller doses. 

In several cases the guinea pigs were bled from the heart during 
the progress of the test, preferably before a dose was increased. 
The serum calcium and phosphorus, at any time during a course 
of daily injections, are under the influence of the last two or per- 
haps three doses injected. Therefore the interval between the 
last injection and bleeding is of little significance and will not 
be reported. i 

Our guinea pigs were bled less than 24 hours after removal 
of food, for we found that there were no marked differences after 
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single parathormone injections between the serum calcium and 
phosphorus of guinea pigs fed up to the time of bleeding and of 
those fasted for 24 hours or less. 


Experimental Results. 


Twenty-three guinea pigs were injected. All relevant data 
concerning them are summarized in Tables I to IV. 

When receiving 10 units daily, or less, the animals were gain- 
ing weight. On about 20 units the weight generally rose in short 
tests. In our longest period of 34 days, with a daily dose of 16 
units, the animals continued to gain until the 23rd day, then lost 
relatively rapidly until the 27th day, after which their weight 
remained practically stationary. On larger doses, loss of appetite 
was indicated by stationary or slightly decreased weight, and 
when the larger doses were continued, larger weight losses occurred. 

Serum Calcium.—The effects of repeated injections of para- 
thormone upon serum calcium varied with a number of factors, 
the most important being the quantity of parathormone ad- 
ministered within 48 to 72 hours before the chemical examination 
of the blood. The duration of treatment with a given dose 
modified its effect. 

Group 1.—With doses of 10 units daily for 10 and 16 days, no clear 
evidence of parathormone effect on serum calcium was obtained. 
The average of five tests was 10.7 mg., which is within the normal 
range of calcium values; one value was 12.6 mg. On 20 units 
daily for 10 days, similar results were obtained in two animals 
(Table I). 

Group 2.—On 16 units daily for 34 days a guinea pig tested 
at intervals showed little evidence of hypercalcemia. Definite 
hypercalcemia was obtained in two guinea pigs after 9 and 26 days 
on 16 units daily, preceded by treatment with smaller doses. In 
one of these animals no hypercalcemia was found after 16 days on 
16 units daily, but after an additional 10 days the serum calcium 
rose to 13.9 mg. (Table II). 

Group 3.—Six guinea pigs, given daily doses of 10 units for 
2 days, 20 units for 2 days, and 40 units for 2 days, showed, with 
but one exception, definite effects on serum calcium. Four guinea 
pigs given slowly increasing daily doses up to 60 units showed a 
smaller effect (see Table ITI). 
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TABLE I. 
Effects of Moderate Daily Doses of Parathormone Administered for Short 
Periods. 
All analyses were performed at the termination of the tests. 
No. of animals. Daily dose. Days. | Ca P 
units | mg. per 100 cc. mg. per 100 cc, 
2 10 10 12.6 6.9 
10.0 4.6 
3 10 16 9.0 7.6 
10.7 6.7 
11.1 8.4 
2 20 10 11.9 6.4 
11.1 | 4.7 





One guinea pig on 20 units maintained its weight. The rest gained. 
Slight bone resorption and slight marrow fibrosis were found in all the 
animals examined. 


TABLE II. 
Effects of Prolonged Administration of Moderate Doses of Parathormone. 
Analyses were performed at intervals on the days stated. 





Serum analyses. 


No. of 




















Pe va ol | Daily dose. Days. —— 
| | Ca | P | Test day. 
} units | mg. per 100 cc. | mg. per 100 cc. 

1 14 | 34 } 12.1 | 8th 
| 1.2 | | 24th 
| 9.6 | | 29th 
| 11.6 | 6.4 | Last. 

1 2 gs | | | 

8 17 10.1 | | 24th 

16 9 | 16.7 | 6.0 | Last. 

1 4 gs | 
| 16 26 11.0 | 24th 

13.9 | Last. 





Regardless of presence or absence of hypercalcemia, bone resorption and 
slight fibrosis of marrow were found. 
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Group 4.—Three animals were injected 20, 40, and 60 units 
on 3 successive days. They died during the 3rd day before the 
serum calcium could be determined, but the bones showed marked 
resorption and decaicification. However, when similar or larger 
doses were employed after a gradual increase from smaller daily 
doses the animals survived for the duration of the experiment 
(up to 34 days), including 4 days on doses as large as 100 units. 
The elevation of serum calcium, while not proportional to the 


TABLE III. 
‘Effects of Rate of Increase of Daily Parathormone Dose. 
All analyses were performed at the termination of the tests. Serum Ca 
and P are measured in mg. per 100 ce. 














Serum Ca. | Serum P. 
animals. | dove, | Dave | . = Ee . ae 
| jasc) Ge | ee i or | Be | Se 
| units 
6* | 10 2 | | | 
|} o@ | 2 | | 
4 | 2 | 129 | 140 | 10.4) 9.8 /11.5 | 8.0 
4t 5 | 2 | | 
0 | 4 | | 
| @o | 4 | 
| 30 | 4 | 
fo} ay yo] | 
| @ | 1 | 19} 125 | 10] 67 | 76 | 5.5 











* All the guinea pigs lost appetite; one was moribund on 6th day. 
t Three guinea pigs gained weight. Marked bone resorption and fibrosis 
were found in all. 


quantity of extract injected, was generally the greater the higher 
the final doses (see Table IV). 

Serum Phosphorus.—Toxie hyperphosphatemia was found when 
large doses were given without previous periods of injection 
with smaller doses. The average serum phosphorus of six of the 
guinea pigs of Group 3 (on rapidly increasing deses) was markedly 
above the normal range (see Table III). On the other hand, ani- 
mals treated for long periods with small doses, or with large 
doses after a previous period on smaller doses, tended to values 
lower than normal. 

Modification of Effects of Large Doses by Previous Treatment 
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with Small Doses.—The prevention of toxic hyperphosphatemia 
is not to be interpreted as an indication of the development of 
“immunity.” We have actually observed the highest serum cal- 
cium values in our Group 4, in which large doses followed pre- 
vious treatment with smaller doses (Table IV). However, due 
to a compensation mechanism, which remains to be elucidated, 





TABLE IV. 
Effects of Large Doses of Parathormone after a Long Period on Smaller Doses. 
Analyses were performed at intervals on the days stated. 

















| 
Ss 1alyses. 
No.of a | —_ Serum analyses . . 
Ca P | Test day. 
units | mg. per 100 cc. mg. per 100 cc. | 
1 0 | 7 | | | 
60 | 3 16.9 7.7 Last 
1 8 | 16 10.2 | | 16th 
6 | 2 | | 
100 2 13.2 | 2Ist 
0 | 1 
60 | 4 20.0 | 6.6 Last. 
1 s | 24 10.5 | 8th 
| 9.7 | 23rd 
3 | #1 
40 | 1 | 
3 | 4 
100 2 12.5 30th 
0 | 1 | 
100 | 4 18.5 6.9 Last. 








Severe bone decalcification with fibrosis of the marrow was found in all. 


neither hyperphosphatemia nor an obviously moribund state 
was induced in these animals. In Group 3, on the other hand, 
although the calcium values were not as high, the toxic effect 
of large doses without previous treatment was indicated by the 
pronounced hyperphosphatemia and the obviously moribund 
state of one animal (Table III). 

Histological Changes.—A detailed account of the effects of re- 
peated parathormone injections upon the structure of the bone 
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will be published elsewhere (5). In general, repeated injection 
of even small doses of parathormone led in young animals to 
bone resorption with the appearance of Howship’s lacune and 
osteoclasts on the resorption surfaces. Fibrous tissue appeared 
in the marrow, under the periosteum and endosteum and in the 
enlarged Haversian canals. This fibrous tissue contained numer- 
ous eosinophiles.. The severity of the lesions was related to the 
dosage and to the duration of the experiment. After prolonged 
treatment, the lesions presented the typical picture of ostitis fibrosa. 


SUMMARY. 


1. Control guinea pigs, under the conditions of the experiment, 
whether fasted or fed, young or adult, showed a serum calcium of 
about 10.5 mg. per 100 ce.; a very small proportion of the ani- 
mals varied as much as 1.0 mg. above or below that figure. The 
serum phosphorus of fed controls showed the usual difference 
between young and adult animals. Values up to 8 mg. per 100 
ec. are typical in the former, and values down to 4 mg. in the 
latter; in controls fasted for 60 hours or longer, the serum phos- 
phorus of the young approached the values for the adult. 

2. Young guinea pigs, fasted 60 hours or longer, showed the 
most distinct effects of single parathormone injections upon serum 
calcium. Serum calcium was definitely raised in some animals 
even at early intervals after injection, rose in all to a maximum at 
about 18 to 24 hours, and persisted at a high level until 48 hours 
after the injection. The serum phosphorus rose high above that 
of similarly fasted controls, indicating overdosage. 

3. In young fed guinea pigs the serum calcium was definitely 
raised 24 hours after a single dose of parathormone, the effect 
persisting 12 hours longer, and disappearing afterwards. The 
phosphorus values fell mostly within the normal range, none being 
high enough to indicate overdosage, and some falling below the 
normal range—an effect similar to that obtained in the dog or 
man with moderate doses. 

4. In adult guinea pigs, when fasted for 60 hours or longer, 
equal doses of parathormone on the basis of weight produced 
less marked effect on the serum calcium than in the young, at 
all intervals after a single injection. The serum phosphorus 
values were higher than normal, but not as far above the normal 
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range as in the young animals. They appeared earlier than the 
maximum effects on calcium. 

5. In fed adult guinea pigs, distinct effects on the serum calcium 
were observed only at the 24 hour interval after a single injection. 
The serum phosphorus was slightly above the normal range. 

6. Histological examination of the benes of young guinea pigs 
after single injections of large doses of parathormone showed 
severe bone lesions accompanied by decalcification. These changes 
were absent in the bones of adult guinea pigs. 

7. After daily subcutaneous injections of 10 and 20 units of 
parathormone for about 2 weeks, young fed guinea pigs showed 
no clear effects on serum calcium or phosphorus. Histological 
examination of their bones showed evidences of slight resorption 
and decalcification. 

8. On doses increased rapidly to 40 units daily, young guinea 
pigs showed hypercalcemia and hyperphosphatemia. One animal 
was obviously moribund. After a week or more on smaller doses, 
parathormone injections could be raised gradually to as high as 
100 units daily without hyperphosphatemia, although with the 
higher doses serum calcium rose as high as 20 mg. Histological 
examination showed very severe resorption and decalcification 
of the bones, with marrow injury and the lesion complex char- 
acteristic of ostitis fibrosa. 


CONCLUSIONS. 


1. In young guinea pigs the maximum effects of a single dose 
of parathormone upon serum calcium and phosphorus may be 
brought out after fasting for 60 hours or longer, presumably due 
to the removal of the normally basic diet. 

2. The influence of the basic diet in preventing the maximum 
effects of a single dose of parathormone seems to be present in 
the adult guinea pigs as well as in the young, although to a lesser 
degree. (Other factors, such as an increased rate of excretion 
of calcium, may contribute to the tolerance of guinea pigs—and 
other herbivorous rodents—to parathormone, and are probably 
of even greater importance in explaining the resistance of rats, 
mice, and cats.) 

3. Age seems to be a factor also in the production of bone 
lesions after single injections of parathormone. These are found 
in the young guinea pigs, but not in the adult. 
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4, Extremely large doses of parathormone may be administered 
daily to guinea pigs after previous administration of smaller and 
gradually increasing doses, without the development of extreme 
overdosage effects. The animals are thus enabled to survive 
for longer periods. With the increased duration of the experi- 
ment, lesions typical of ostitis fibrosa may be produced with 
certainty, with or without hypercalcemia, which depends largely 
upon the size of the dose. Even with smaller doses continued 
for a sufficient length of time bone resorption and decalcification 
may be produced although frequently hypercalcemia is absent. 


The chemical determinations were performed with the assist- 
ance of Mr. A. Kibrick, Miss L. Hallman, and Miss R. Bonoff. 

The generous cooperation of Eli Lilly and Company, who 
supplied most of the parathormone used in these tests, is ac- 
knowledged. 
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STUDIES ON THE PLASMA CALCIUM-RAISING PRIN- 
CIPLE OF BOVINE PARATHYROID GLANDS. 


I. AMETHOD OF PREPARATION AND SOME OBSERVATIONS 


ON THE YIELD, SOLUBILITY, AND STABILITY OF THE 
PRODUCT. 


By WILBUR R. TWEEDY. 
(From the Department of Physiological Chemistry, Loyola University School 
of Medicine, Chicago.) 


(Received for publication, June 16, 1930.) 


INTRODUCTION. 


It has been definitely established during the past few years, 
that under appropriate conditions, a potent plasma calcium-in- 
creasing principle capable of affording a successful substitution 
therapy, can be extracted from bovine parathyroid glands. 
Collip (1) was first to offer convincing evidence, that its probable 
manner of action is through a direct effect on the calcium 
metabolism. 

The work herein reported has to do with the yield, solubility, 
reactions, and stability relations of the active principle in the state 
of purity obtained by the author’s modified method of preparation. 

The more recent literature on parathyroid extracts is briefly 
summarized in so far as it appears to shed some light on the physi- 
cal, or chemical properties of the hormone, or the substances in- 
timately associated with it. Earlier literature has been ade- 
quately dealt with by Collip (1), and by Hiort, Robison, and 
Tendick (2). 


Parathyroid Extracts. 


Collip (1) described an active serum calcium-increasing prin- 
ciple obtained by hydrochloric acid extraction of fresh para- 
thyroid glands. The hormone is described (Collip and Clark) 
as a light gray, amorphous powder of the nature of a complex 
protein derivative, or else a substance intimately associated with 
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such a type of compound. It was completely removed from acid 
solution by half saturation with ammonium sulfate, or complete 
saturation with sodium chloride. Thesubstance contained sulfur 
and iron, but no phosphorus, or carbohydrate groups. Boiling 1 
hour with either 10 per cent hydrochloric acid, or 5 per cent sodium 
hydroxide destroyed its physiological activity. It was also 
rendered physiologically inert by the action of both pepsin and 
trypsin. 

Fisher and Larson (3) prepared extracts by heating fresh glands 
with normal hydrochloric acid. The stability of their product 
is indicated by the successful preservation of its physiological 
activity in neutralized solutions preserved with tricresol and kept 
in the ice chest for 3 months. 

Hjort, Robison, and Tendick (2) obtained the hormone by 
aqueous and alcoholic hydrochloric acid extraction of bovine 
parathyroid glands. They state that the lipoid-free portion of 
the gland is the potentially active fraction. 

Davies, Dickens, and Dodds (4) prepared extracts by acetone- 
picrie acid extraction without preliminary hydrochloric acid ex- 
traction. The picrate of the hormone is described as insoluble 
in water, but convertible into the hydrochloride, which was found 
to be easily soluble. 

Tweedy (5)' described a plasma calcium-increasing principle 
prepared by hydrochloric acid extraction of acetone-desiccated 
and defatted parathyroid glands. The active principle is de- 
scribed as adsorbable by kaolin at pH values greater, but not less 
than 5. Subsequent acidification to pH values of 1 to 3 failed to 
release the activity. In crude form the active material was found 
to be partially soluble, and stable in liquid ammonia and in ethyl 
lactate. 2 to 3 hours irradiation with ultra-violet light did not 
destroy, nor increase, the calcium-raising activity of the material. 

In connection with the writer’s extension of the above studies on 
purification of the parathyroid hormone some very striking in- 
stances of stability and unstability have been encountered. In 
particular, its great resistance to heat in phenolic solution, and 


1 The publication referred to is an abstract of a dissertation presented 
by the author to the Department of Physiological Chemistry of the Ogden 
Graduate School of Science of the University of Chicago in partial fulfilment 
of the requirements for the degree of Doctor of Philosophye 
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its inactivation when subjected to the action of HCl gas in abso- 
lute alcohol appear to be significant. However, the interpretation 
of these findings must await a more intimate knowledge of the 
chemical nature of the active principle. 


EXPERIMENTAL. 
Method of Preparation of Glandular Extracts. 


Fresh, frozen parathyroid glands, from which extraneous fat 
is trimmed, are ground in a meat chopper. The finely ground 
material is then transferred to a conical flask of suitable size, 
covered with 200 ec. of 3 per cent hydrochloric acid per 100 gm., 
and heated in a water bath at 70° for 20 minutes. The flask is 
immediately cooled under a stream of cold water, while being 
rotated in order that liquefied fat may cool and solidify on its 
inner surface. The acid extract is further freed of fat particles, 
and of undissolved glandular material by pouring through several 
folds of cheese-cloth. By means of weak sodium hydroxide the 
reaction of the solution is adjusted until near the neutral point, 
but slightly on the alkaline side of Congo red. An equal volume 
of redistilled anhydrous acetone is added, and the mixture set aside 
in the ice chest overnight. 

The following day the aqueous acetone extract is filtered through 
a coarse filter paper, and evaporated in vacuo on a water bath at 
50° until approximately one-third its volume is reached. It is 
then adjusted to the same volume as the neutralized acid extract 
by the addition of water and a sufficient volume of a freshly pre- 
pared solution of trichloroacetic acid to produce a concentration of 
2} per cent. After setting a few hours, or overnight in the ice 
chest the finely divided precipitate has settled to the bottom of the 
beaker.? 

The trichloroacetic acid precipitate is separated from most of 
the supernatant solution by decantation, the remainder being 
removed by centrifugation. The tightly packed precipitate is 
stirred up with a little alcohol, transferred to a desiccator and 


? The supernatant trichloroacetic acid solution usually assumes a pink 
color, the intensity of which is increased on standing a few hours at room 
temperature. Some of the chromogenic material is carried down with the 
trichloroacetic acid precipitate, and is extractable therefrom by chloro- 
form, but not by petroleum ether. 
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dried in vacuo at room temperature. After further drying for 
several hours over anhydrous calcium chloride, the material is 
ground to a fine powder. It is then tightly wrapped in an ashless 
filter paper, transferred to a Soxhlet extraction apparatus and 
extracted with redistilled anhydrous chloroform as long as lipid 
material is being removed. 

When freed from chloroform, the material is found to be a gray, 
amorphous powder, partially or entirely soluble in 0.9 per cent 
sodium chloride in the concentration ordinarily used in potency 
testing (60 mg. per 5 cc.). 

The solubility of the material in water depends upon the amount 
of hydrochloric acid carried down in the course of its preparation. 











TABLE I. 
Yield of Active Material in Relation to Gross Weight and Counted Individual 
Glands. 
| Parathyroid glands. Yield of active fraction. 
Lot No. | = 
| Weight. | No. of glands. ° ss 
| gm. | gm. per cent mg. 
65 364 764 / 0.9170 0.25 1.3 
6626 (76 | 612 | 1.2200 0.44 2.0 
67 284 | 614 1.6000 0.56 2.9 
68 878 | 2266 3.4700 0.39 1.5 
69 512 | 1270 3.0019 0.58 2.3 














If not entirely water-soluble, it can be rendered so by suspending 
it in 4 or 5 times its volume of acid alcohol (prepared in the ratio 
of 15 ee. of 10 per cent HCl to 85 ce. of 95 per cent alcohol) in 
which it is partially soluble. Ether is then added to complete 
precipitation of the soluble fraction, and the material is washed 
free of alcohol with ether at the centrifuge. This treatment con- 
verts the product into a white powder, now entirely soluble in 0.9 
per cent sodium chloride in the amount ordinarily used. 


Yield of Active Material. 


Parathyroid glands, collected and trimmed of extraneous fat 
at the abbatoir vary considerably in fat content, and can hardly 
be expected to be entirely free of foreign tissue. Inasmuch as 
they also vary in size, and probably in their individual content 
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of the active principle, or fraction bearing the active principle, 
it is surprizing that the yield of the active fraction is as uniform 
as is shown in Table I. 

As indicated below the average yield is approximately 0.44 per 
cent when calculated on the basis of gross glandular weight. 
When such material as has been used, is desiccated and lipid 
material as completely removed as possible, it is reduced to about 
one-tenth the gross moist weight. Calculated on a dry basis the 
active fraction would constitute about 4 to 5 per cent. In the 
writer’s opinion one would expect the active principle itself to 
constitute a much smaller per cent of the protein portion of the 
gland. 


Method of Biological Assay. 


Normal dogs of either sex have been used as animals on which 
to test the potency of various preparations. In the writer’s ex- 
perience the response of the same dog to the same effective dose 
of a given preparation is quite constant. Hence, the comparative 
strength of two preparations has been estimated by testing them 
on the same animal. 

The animal was fed during the morning of the day the test 
was begun. Uneaten food was then removed from the cage, and 
food was not supplied again until after the second blood sample had 
been taken. Under these conditions, it has been observed in con- 
trol experiments that the second calcium value is very seldom 
higher than the first. 

The material tested was dissolved in physiological salt solution, 
injected subcutaneously, and blood drawn from a leg vein 15 to 16 
hours later. Coagulation of blood samples was prevented by 
means of heparin. 

Calcium estimations were made by the Kramer-Tisdall method 
(6) as modified by Tweedy and Koch (7). By this modification 
the accuracy has been increased by washing the precipitated cal- 
cium oxalate three times with 0.5 per cent ammonia water satu- 
rated with calcium oxalate. Titrations were conveniently made 
by use of a special micro burette (8). 

A calcium increment as measured from normal values to 14 to 
16 mg. appears to be a more accurate indication of the potency 
of a dose than where values of 18 to 20 mg. are obtained (Table IT). 
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As Collip (1) has pointed out the latter values represent the maxi- 
mum physiological response to one dose administered subcutan- 
eously, and therefore a quantitative relationship between mg. of 
dose administered and increase in blood calcium does not hold 
when the physiological limit is closely approached. 


Solubility of Active Material. 


The active principle has been found to be completely soluble 
in warm 90 or 100 per cent phenol, and also in orthocresol. 
Similarly to Abel and Geiling’s (9) experience in the precipitation 


TABLE II. 
Potency of Active Material. 





Parathyroid hormone. Blood plasma Ca. 








| | | 
| | | 
Dog No. Weight. 

| | Lot No | a | Initial value. | After Ben 
| kg. mg. | mg. per 100 cc. mg. per 100 cc. 

1 | m3 | 6 | 6 | 11.00 | 14.40 

1 ; Us | 66 60 | 12.00 15.20 

2 } 12.0 | 67 60 | 10.00 13.00 

3 | wai | 67 | 60 | 12.70 15.10 

4 | 160 | 68 | 60 | 10.60* 18.20 
68 30 | 11.20 13.30 

5 | 69 | 68 | 120 | 11.40* 19.25 

6 |} 140 | 68 60 | 10.75 16.85 

7 | 13.6 | 68 | 60 | 12.10 17.15 








* 22 hours afterward, the calcium values were 15.6 and 18.5 mg. re- 
spectively. 


of insulin from phenol solution, it has been found possible to re- 
move parathyroid hormone from phenol solution (1) by the addi- 
tion of ether, and (2) by the addition of several volumes of water. 
Preparations such as described here have been further purified 
by removing a less active fraction from phenolic solution by means 
of alcohol, followed by precipitation of the more active fraction 
by ether. In certain instances the active fraction has been freed 
of phenol by steam distillation. 

The active material is insoluble in anhydrous acetic acid, but is 
appreciably soluble in 98 per cent, and freely soluble in 94 per cent 
acetic acid. It is almost completely removed from this solution 
by the addition of 2 to 3 volumes of acetone. 
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Although completely insoluble in 100 per cent pyridine, it has 
been observed that if the material is first dissolved in 10 per cent 
acetic acid, it is not precipitated therefrom by pyridine even when 
the concentration in pyridine is gradually increased up to 94 per 
cent. 

The solubility of various preparations in formamide varies 
considerably. Active material has been precipitated from solu- 
tion in formamide by acetone, but precipitation by butyl alcohol 
yields an inactive fraction. Although the active principle is par- 
tially solubie in glycerol warmed to 50° it has not been recovered 
therefrom. 

Furthermore the active material has been found to be insoluble 
in ethyl formate, ethyl butyrate, carbon tetrachloride, benzene, 
and methy] salicylate, absolute methyl alcohol, and absolute ethyl 
alcohol. 

Stability in Phenolic Solution. 


60 mg. of active material (P68), which had been heated for 1} 
hours at 120° in phenol in an atmosphere of nitrogen produced a 
60 per cent increase in the blood calcium of a 21 kilo dog. Several 
experiments have demonstrated that as the temperature is in- 
creased above 120° there is a progressive loss in activity concomi- 
tant with a destruction of sulfur-containing material. 


Further Observations on Stability. 


Untreated glands kept in the frozen state for 6 weeks yielded 
the usual amount of the active fraction. 

Acetone-dehydrated and defatted glands stored in a desiccator 
over anhydrous calcium chloride for 1 year retained practically 
their original content of the active principle. Parathyroid hor- 
mone prepared by the method described, and similarly stored for 
8 months has been found to be equally as potent as when first 
prepared. Freshly prepared material, when exposed to a tempera- 
ture of 100° in an electric oven for 10 days was found to have re- 
tained about half its activity. 

Active material contained in a quartz tube, tightly ound by a 
rubber stopper, was completely inactivated after 36 hours con- 
tinuous irradiation by a Cooper Hewitt mercury vapor arc.® 


3 The Cooper Hewitt mercury vapor arc used in these experiments was 
furnished through the courtesy of the Victor X-Ray Corporation. 
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SUMMARY. 


1. Potent preparations of parathyroid hormone in dry form in 
quantities of 1 to 3 mg. per gland may be separated from hot hy- 
drochloric acid extracts by removal of inert material with acetone, 
followed by trichloroacetic acid precipitation of the active frac- 
tion, and removal of inert lipoid material from this fraction by 
chloroform extraction. 

2. The product as prepared is usually soluble in water and 0.9 
per cent sodium chloride to the extent of 0.5 to 1 per cent at room 
temperature, but if it is not that soluble it can be rendered so by 
suspension in aqueous acid-alecohol and precipitation therefrom 
with ether. 

3. The active principle is insoluble in anhydrous acetic acid, 
but appreciably soluble in 98 per cent, and freely soluble in 94 per 
cent acetic acid. Although insoluble in pyridine, it is not pre- 
cipitated from solution in 10 per cent acetic acid by pyridine when 
the concentration of the latter is gradually increased to 94 per cent. 

4. It is approximately 10 per cent soluble in dry phenol, or 
orthocresol at 70°. After heating for 7 hours in dry phenol at 
70° the activity is unaltered. When heated at 150° for 1 hour 
only partial inactivation results. There is complete loss of activ- 
ity on heating the phenolic solution at 175° for } hour in an at- 
mosphere of nitrogen. 

5. Complete inactivation results when the active material is 
suspended in 0.5 per cent HCl in absolute alcohol and heated for 
20 minutes at 70°, or when it is suspended for 1 hour in absolute 
alcohol, saturated with hydrogen chloride gas at 10°. 


A portion of the materials used in the above studies was pur- 
chased from a grant by the Committee on Scientific Research of 
the American Medical Association. The author also wishes to 
thank Armour and Company for their cooperation in supplying 
properly prepared glands, and Doctor F. C. Koch for his criticism 
of this paper. 
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A SYNTHESIS OF TRYPTOPHOL. 


By RICHARD W. JACKSON.* 


(From the Laboratory of Physiological Chemistry, Yale University, 
New Haven.) 


(Received for publication, June 30, 1930.) 


Felix Ehrlich demonstrated that yeast attacks the natural 
amino acids essentially by splitting off carbon dioxide and re- 
placing the amino group with hydroxyl. By this reaction, the 
greater part of fusel oil is derived from the leucines. In the case 
of tryptophane, the process gives rise to tryptophol or 3-indole 
ethyl alcohol, first described by Ehrlich in 1912. Since then, 
the substance has engaged the attention of various investigators of 
intermediary metabolism (cf. Guggenheim and Léffler, 1915-16; 
Ward, 1923; Jackson, 1929). Notwithstanding this background 
of biological interest, there appears to be no recorded synthesis of 
tryptophol. It seemed worth while, therefore, to attempt such a 
synthesis with the object both of producing the substance itself 
and of extending the somewhat limited procedures available for 
the construction of compounds in the indole series. The writer 
has succeeded in securing tryptophol in a good yield and in a high 
state of purity through the reduction of indole acetic acid ester 
by means of sodium in alcohol. The properties of the synthetic 
product show that it is identical with the tryptophol prepared 
by the yeast decomposition of tryptophane according to the 
directions of Ehrlich. 


EXPERIMENTAL, 


Indole Acetic Acid.—This compound was prepared in good yield 
according to Majima and Hoshino (1925). Indole magnesium 
iodide was treated with chloroacetonitrile to produce 3-indole 
acetonitrile which on hydrolysis gave the 3-indole acetic acid. 
After purification it melted at 164-165° (corrected). 


* Seessel Fellow, Yale University, 1930. 
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Methyl and Ethyl Esters—Botkh esters were readily secured in 
practically a quantitative yield in the usual way by refluxing the 
acid with a considerable excess of the proper absolute alcohol con- 
taining a little dry hydrochloric acid gas, followed by evaporation 
of the aleohol, washing of the ether solution of the ester with so- 
dium bicarbonate solution and with water, drying of the ether 
solution with calcium chloride, and finally, vacuum distillation. 
Both esters distilled in the neighborhood of 180° at 2 mm. of 
pressure. Neither ester could be induced to crystallize. 

Reduction of the Ester. Experiment 1.—8.5 gm. (0.045 mol) 
of the methyl ester were reduced in methyl alcohol (dried with 
sodium) with the proportions of solvent, sodium, and toluene and 
the use of mechanical stirrer as directed by Marvel and Tannen- 
baum (1922). The yield of crude product, which did not erystal- 
lize, amounted to 3.0 gm. (0.019 mol). This was converted to the 
picrate which was recrystallized from hot water and then subjected 
to alkaline decomposition and ether extraction. The evaporated 
ether extract was crystallized from dilute alcohol and then from 
ether-petroleum ether. The pure white crystals melted at 58° 
(corrected) and exhibited no melting point depression when mixed 
with a specimen of tryptophol prepared from tryptophane accord- 
ing to Ehrlich’s method. 

Experiment 2.—It was subsequently learned’ that very good 
yields of certain dihydrie alcohols could be obtained by simply 
adding very dry alcoholic solutions of the esters to the sodium. 
The experiment described below was performed in similar fashion. 
Commercial absolute ethyl alcohol was treated (cf. Smith, 1927) 
with sodium sufficient to react with all the water present and then 
in addition with enough ethyl phthalate to react with all the free 
alkali remaining in the solution. The alcohol was refluxed $ hour 
and then distilled, to the amount of 250 ec., directly into the flask 
in which the reduction was to be carried out. To this alcohol, 
9.15 gm. (0.045 mol) of dry ethyl indole acetate were next added, 
followed by 15 gm. (0.65 mol) of sodium. The flask was attached 


1 Private communication from Dr. Wallace H. Carothers of the Experi- 
mental Station of E. I. du'’Pont de Nemours and Company. Dr. R. H. F. 
Manske of -Yale University has confirmed Dr. Carothers in this finding, 
and further has found ethyl phthalate a good inexpensive ester to use in 
preparing the alcohol according to the method of Smith (1927). 
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to a reflux condenser equipped with a calcium chloride tube, and 
after + hour, heated for 2 hours on the steam bath. A little re- 
maining sodium was dissipated by the addition of a small amount 
of 50 per cent alcohol and the product worked up in the custom- 
ary fashion. Direct crystallization from benzene-petroleum ether 
yielded 4.33 gm., melting at 57° (corrected) and 1.30 gm. melting 


TABLE I. 
Properties of Tryptophol and Derivatives. 





M.p. of M.p. of 





Tryptophol sample. | M.p. —— phenyl Nitrogen. 
| pacente. urethane. 
°c, | ~~. °C. per cent 
eee 59* 94-96t 9.02 (Dumas.) 


(b) From tryptophane ac- 
cording to Ehrlich , 
(cf. Jackson, 1929)....| 58-59t) 100-101§; 130-131§) 8.62 (Kjeldahl.) 
(c) Synthetic (Experiment 














Pic cudnien wmctiaimarcier 58-59||/ 100-101§) 130-131§) 8.61 ( ” ) 
(d) Mixed melting points, 
@) and ()............ 58-59 | 100-101 | 130-131 | 8.69 (Theory.) 





All melting points are corrected. 

The solvents employed are indicated by symbols: 
* Ether-petroleum ether. 

7 Water. 

t Dilute alcohol. 

§ Benzene. 

|| Benzene-petroleum ether. 


at 54-57° (corrected). An additional 0.25 gm. was obtained 
as the picrate. The total of 5.88 gm. amounts to a yield of 81 per 
cent of the theoretical. If the 0.70 gm. of indole acetic acid re- 
covered is taken into consideration, the yield is 89 per cent of the 
theoretical. The product was purified by vacuum distillation and 
crystallization from benzene-petroleum ether to give beautiful 
white glistening plates. As an aid to comparison, the physical 
properties of various specimens of tryptophol and its derivatives 
are given in Table I. 
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THE DETERMINATION OF INORGANIC SULFATE IN 
SERUM. 


By ROGER 8S. HUBBARD. 
(From the Laboratories of the Clifton Springs Sanitarium and Clinic, Clifton 
Springs, New York.) 


(Received for publication, July 14, 1930.) 


At the meeting of the Society of Biological Chemists, in 1927, a 
micro method for the determination of inorganic sulfate in serum 
was described by the author (1). This method involved the re- 
moval of protein with trichloroacetic acid, the precipitation of 
sulfate with benzidine, and the determination of benzidine in the 
precipitate by a colorimetric oxidation technique. It was based 
in part upon the nephelometric methods of Denis (2), and Denis 
and Reed (3), and in part upon the method of determining sulfate 
in urine described by Fiske (4). As far as the author knows the 
colorimetric method used was new. No extensive bibliography 
will be presented, as one is included in a recent article by Wakefield 
(5). 

The method described in 1927 was studied by Wakefield (5), 
modified by him in some particulars, and adapted, not only to the 
determination of inorganic sulfate, but also of total sulfate in 
serum and of inorganic and total sulfate in urine. The work upon 
the method in this laboratory has led to the development of a 
technical procedure somewhat different from that recommended 
by Wakefield. Furthermore certain difficulties met with when the 
method has been applied by others have been rather extensively 
investigated. It seems worth while, therefore, to present our 
results at this time. 

The discussion can conveniently be divided into two parts. 
The first of these concerns the plan followed in precipitating sulfate 
with benzidine and the second the technique used in developing 
the color. Fiske (4) described the difficulties which are en- 
countered when benzidine is used to separate sulfate quantitatively 
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from other inorganic compounds. The substances which caused 
difficulties were phosphates and chlorides. He found that if the 
acidity of the solution in which the precipitation is carried out is 
low, phosphates are carried down, and that sodium chloride, if 
present in high concentration, increased the solubility of benzidine 
sulfate. The amounts of blood used in the determination do not 
contain sufficient sodium chloride to affect the results, as was shown 
repeatedly, but the satisfactory separation of very small amounts 
of sulfate from very large quantities of phosphate was a problem 
which required much study. High concentrations of benzidine 
tended to cause a precipitation of phosphate and low ones not to 
precipitate completely very small amounts of sulfate. Variations 
in acid concentration had the opposite effect, as high concentra- 
tions tended to hold benzidine sulfate in solution and low ones to 
permit the precipitation of phosphate. The strengths of solutions 
finally adopted permitted the quantitative precipitation of very 
small amounts of sulfate (sulfate equivalent to 0.001 mg. of S 
was regularly recovered) and prevented the precipitation of phos- 
phate in amounts equivalent to 1 mg. of P. When a similar 
technique was used in some studies of experimental nephritis, 
the values obtained for sulfate were obviously too high. Investi- 
gation showed that when both sulfate and phosphate are present 
in high concentrations some of the phosphate is carried down 
with the sulfate. For example, solutions containing 0.5 or more 
mg. of sulfur gave high values if 1.0 mg. of phosphorus was 
present, but if the amount of phosphate were equivalent only to 
0.5 mg. of phosphorus, or if sulfate was present in lower concentra- 
tion, the theoretical amount and no more was recovered. It is 
not difficult to avoid this error by using less material for the 
determination when both phosphate and sulfate are present in 
very high concentrations. It is also possible to dissolve the 
precipitate first obtained in acid and reprecipitate the benzidine 
sulfate, thus separating it from the contaminating benzidine 
phosphate. Our experiments seem to suggest that extreme con- 
ditions of this kind are rare in clinical nephritis, for in the most 
severe case of this kind studied by us identical values were obtained 
after one and after two precipitations with benzidine. When the 
analysis was carried out in one laboratory upon material obtained 
after hydrolysis of tissues with hydrochloric acid a white crystal- 
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line precipitate, quite unlike benzidine sulfate formed. This was 
probably benzidine chloride, which is not very soluble in acetone. 
Under such conditions it is obvious that the method cannot be 
used. Since 16 mg. of sodium chloride give no precipitate under 
the analytical conditions recommended for 1 cc. of serum this 
difficulty can hardly apply to the determination of sulfate in 
blood. 

In studying the development of color from benzidine solutions 
it was found essential to use the same concentrations of acid and of 
oxidizing reagents in all cases if the depth of color was to be kept 
proportional to the amount of benzidine present. It was found 
also that different proportions were best adapted for different 
ranges of concentrations of benzidine. The difficulty met with 
when large amounts were present was the formation of brown 
pigment which precipitated easily. The technique finally adopted 
gives yellow colors which reach their maximum intensity in 10 
minutes, and which remain proportional to the amounts of benzi- 
dine present for more than half anhour. The color obtained from 
benzidine equivalent to amounts of sulfur ranging from 0.0005 to 
0.05 mg. are strictly proportional to each other as far as such a 
relationship can be determined by the colorimeter. If more than 
0.05 mg. of sulfur is present it is necessary to work with a smaller 
amount of the sample. 

Many precautions were taken in standardizing the method. 
Pure potassium sulfate was added to serum in amounts varying 
from 0.001 to 1.0 mg. equivalent of sulfur and was recovered 
quantitatively. Treatment with benzidine after barium chloride 
had been used to remove sulfate from serum gave no precipitate. 
Working as rapidly as possible after proteins had been thrown 
down with trichloroacetic acid gave the same results as were 
obtained when the filtrate was allowed to stand overnight before 
it was analyzed. Results upon solutions equivalent to 1 and to 
0.5 ec. of serum were proportional. Repeated washing with 
acetone did not dissolve any of the precipitated benzidine sulfate. 
The only difficulties that seemed to be met with were the necessity 
for using aliquots if the sulfate content of the blood was high and 
the occlusion of some phosphate when both sulfate and phosphate 
are present in very large amounts. The method recommended 
for carrying out the determination is described below. 
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Reagents. 


Reagent 1 was a 20 per cent solution of sulfate-free trichloroacetic 
acid in sulfate-free water. This acid may be prepared by redis- 
tilling a good commercial product at reduced pressure (5).! 
Reagent 2 was pure benzidine hydrochloride for standards.!. Make 
a stock solution by dissolving 4.015 gm. in a liter. 1 ee. of this is 
equivalent to 0.5 mg. of sulfur. Dilute to give solutions with 1 ee. 
equivalent to 0.1, 0.01, and 0.001 mg. of sulfur. These are fairly 
stable, but should be rejected if they develop much color. Rea- 
gent 3 was 1 per cent solution of good grade benzidine! in high 
grade acetone.? Reject when the solution becomes highly colored. 
It is best to prepare it daily. Reagent 4 was the same grade of 
acetone for washing. Redistil if the solution is colored or contains 
inorganic material. Reagent 5 was hydrochloric acid in approxi- 
mately N and 0.2 N concentration. Reagent 6 was U.s.P. 3 per cent 
hydrogen peroxide freshly diluted with 9 parts of distilled water. 
Bottles which have been opened for a long time should not be used. 
Reagent 7 was 2.5 per cent ferric chloride’ in distilled water. All 
glassware must be clean and free from sulfate. 

Method.—Precipitate the protein by adding 1 part of 20 per 
cent trichloroacetic acid to‘l part of serum. Centrifugalize. 
Precipitation of the sulfate is done by adding 2 cc. of the super- 
natant liquid (equivalent to 1 ce. of serum) to 5 ce. of 1 per cent 
benzidine in acetone in a sharp-pointed, conical, 15 cc. centrifuge 
tube; mix; cap. Let stand at least 15 minutes and centrifugalize 
at high speed. Longer standing up to 2 hours does not affect the 
determination. It is possible to cause the precipitate to ‘‘flock 
out’’ by placing it in ice water for an hour or more. This makes 
the determination possible when a powerful centrifuge is not 
available. Decant, drain for 5 minutes, and wipe the inside of 
the lip of the tube. Wash with 15 ce. of acetone, taking care to 
break up the precipitate. Centrifugalize, decant, drain, and wipe 
the lip of the tube as before. The washing may be repeated, but 
this is not usually necessary. 

t The Eastman Kodak Company has furnished these reagents of a satis- 
factory degree of purity. If trichloroacetic acid is ordered from them it is 
necessary to specify a ‘‘sulfate-free”’ or a distilled product. 

2 Baker’s analyzed reagent was satisfactory. 
3 Merck’s Blue Label product was used. 
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Solution of Benzidine Sulfate—Add 2 ce. of 0.2 N hydrochloric 
acid and warm. If the amount of sulfur present is less than 0.5 
mg. the precipitate will usually dissolve easily, and the material is 
ready for the final step in the determination described below. If 
the precipitate does not dissolve add 4.6 cc. of N hydrochloric acid, 
warm if necessary, and make up to 25 ce. with distilled water. 
Measure 2 cc. into a 15 ce. centrifuge tube for the final determina- 
tion. 

Colorimetric Determination.—Prepare standards containing ben- 
zidine equivalent to from 0.001 to 0.05 mg. of sulfur. These stand- 
ards should be so chosen that none is more than twice as strong 
as the next lower one. Add to each 2 ec. of 0.2 N hydrochloric 
acid and dilute to 10 ce. Dilute the unknown, containing 2 ce. of 
0.2 x hydrochloric acid as described above, to 10 ec. Add to each 
of the standards and unknown solutions 1 ec. of the freshly diluted 
hydrogen peroxide. Mix. Thenadd to each 0.5 ce. of 2.5 per cent 
ferric chloride solution and mix again. Let stand 10 minutes and 
read in a colorimeter within the next half hour. 


Y 


S 
Caleulation.—7; X sulfur equivalent of standard = sulfur (as 


sulfate) in 1 ee. of serum; where S = reading of the standard, and 
U = reading of the unknown. If the dissolved precipitate was 
made to 25 cc. the result should be multiplied by 125. If more 
than 0.7 mg. of sulfur is present in 1 cc. of serum it is usually 
necessary, because of an interfering brown pigment, to repeat the 
determination upon a smaller aliquot of the 25 cc. of the benzidine 
sulfate solution. In this case add 0.2 N hydrochloric acid to make 
the total volume up to 2 ce. before diluting for the color comparison. 
If such a smaller aliquot is taken the appropriate factor must be 
used in making the calculation. The final figure may be multi- 
plied by 3 if it is desired to express the results as sulfate, and by 
100 to convert them into terms of mg. per 100 ce. 


CONCLUSION, 


A colorimetric method for the determination of sulfate in serum 
is described and some of the precautions which must be taken to 
insure correct results in unusual conditions discussed. 
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LIPEMIA IN HEMORRHAGIC ANEMIA IN RABBITS. 


By A. HECHT JOHANSEN. 


(From Medical Department B, Bispebjerg Hospital, Copenhagen, Denmark, and 
the Department of Physiology, Harvard School of Public Health, Boston.) 


(Received for publication, June 3, 1930.) 


Milne (1912-13) observed that repeated bleeding of rabbits, 
at intervals of a few days, lowered the hemoglobin percentage to 
less than 30, and produced lipemia in these animals. Under such 
conditions the serum sometimes contained as much as 10 per cent 
of ether-soluble fats. Milne, in agreement with Boggs and Morris 
(1909), attributed this lipemia, which was simultaneous with an 
accumulation of fats in other organs, to the lowered oxidation re- 
sulting from the decrease in hemoglobin. In 1917, Ellermann 
and Meulengracht noticed the same lipemia in anemic rabbits, 
and demonstrated that its occurrence in such rabbits could be 
prevented by fasting before and during the bleeding period or by 
reinjection of the serum withdrawn after removal of the corpuscles. 

As yet there is no thoroughly satisfactory explanation of how 
this lipemia comes about, and no information as to its eventual 
connection with certain other changes occurring at the same time 
in rabbit blood—changes in the concentration of the serum proteins 
and in the colloid osmotic pressure. In order to elucidate these 
questions and, eventually, to demonstrate a definite relation be- 
tween the appearance of lipemia and the changes in the percentage 
of serum proteins and the colloid osmotic pressure, I have repeated 
the experiments of Ellermann and Meulengracht. In other ex- 
periments, I have varied the technique to ascertain additional 
points that might, perhaps, prove of interest in this connection. 

While my research was in progress, Fishberg and Fishberg (1927- 
28, 1928) reported some experiments upon the same problem. 
Their findings, which were for the most part in agreement with my 
results, showed that a fall in the hemoglobin percentage was ac- 
companied by a fall in the protein concentration, together with a 
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lowering of the colloid osmotic pressure in the serum, coinciding 
with an increase in the serum lipoids. Fishberg (1929) considered 
the lipemia to be a compensatory measure of the organism, brought 
about by the falling colloid osmotic pressure ; for the author found 
a higher colloid osmotic pressure in lipemic serum taken during 
the experiment than in other rabbit serum where the same protein 
concentration was obtained by simple dilution. 


Technique. 


As a rule, the blood used for these experiments was taken from a 
vein in the ear of the rabbit. The hemoglobin percentage was de- 
termined with the Autenrieth-K6éningsberg apparatus; the lipoid 
content was obtained by Bing and Heckscher’s (1924, 1925) 
method; and the protein concentration in the serum was found 
by means of Pulfrich’s refractometer. In a few of the last deter- 
minations, difficult because of the serum turbidity, control tests 
were made by Kjeldahl’s method, in order to check the accuracy 
of the results. In each case, however, the two results were in 
agreement. The colloid osmotic pressure was determined by 
Krogh and Nakazawa’s (1927) method. During the experiments 
the rabbits were kept on a fixed diet consisting of cabbage, carrots, 
and a few oats. 

A typical experimental protocol is given in Table I. 

It will be noticed in Table I, that after 3 days the hemoglobin 
percentage fell to about 28, and the colloid osmotic pressure to 
about 280, and that from then on there were practically no changes 
in these values. 

After a few days the serum gradually became opalescent, and 
there was an increase in the amount of blood fat, but only to about 
3 times the lowest value observed. The rabbit was apparently 
perfectly well in spite of being bled about 400 ec. in 2 weeks; that 
is to say, in this period the animal lost more than twice its total 
amount of blood, reckoning the blood to be 5 per cent of the body 
weight. 

In three rabbits an effort was made to increase the degree of 
lipemia by bleeding, washing the red cells in physiological saline, 
and reinjecting them. This effort was unsuccessful, the results in 
regard to the amount of lipemia being the same as in simple hemor- 
rhage. 
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SUMMARY. 
Five rabbits were made anemic by daily bleedings. After a few 
venesections the hemoglobin percentage fell to about 30, and at 


TABLE I. 
Lipemia Data for a 3.5 Kilo Rabbit. 


























| Serum. 
Date. | jiiern. |globin. | Total | ‘os. | osmotic |lipoids. | APPesrance of sorum. 
| | pro- motic | pressure 
| tein. pres- | per gm. 
| sure. | protein. 
| per gm. mm, mm, mg. per 
ee. cent |per cent) HO HO 100 ce. 
Dec. 17; 40 65 7.2} 322 46 11 | Clear. 
| 335 
“ 18| 30 47 6.6 | 286 46 8 ” 
305 
# 19 | 20 32 6.3 | 257 42 8 wi 
272 
“ 20} 35 28 6.8 | 270 41 9 | Slightly opalescent. 
280 - . 
“ 21/ 20 | 28 | 7.0} 280} 41 | 14 . . 
288 
* Bi & 28 7.2| 275 39 19 | Opalescent. 
281 
“ 2) 3 28 7.2 | 286 40 23 - 
279 
< 4) 2 29 6.9 | 281 41 20 . 
285 
“ 25| 15 27 7.2| 278 40 11 | Slightly opalescent. 
290 
“ 26) 35 | ? | 6.8] 286/ 43 | 10 | Opalescent. 
290 
“ 277i & 28 6.6 | 265 40 11 ” 
253 
“ 28) 40 26 6.8 | 252 36 20 = 
238 
“ i 3 24 7.2 | 270 38 19 se 
“ 31|/ 25 | 20 | 6.9| 280| 41 | 15 | Slightly opalescent. 











about the same time there was a fall in the protein percentage 
and in the colloid osmotic pressure in the serum of the animal. 
During the rest of the experimental period the values of the 
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hemoglobin percentage, the protein percentage, and the colloid 
osmotic pressure did not show any marked change. 

The onset of the lipemia was coincident with the lowest colloid 
osmotic pressure, but otherwise the amount of serum lipoids was 
found to vary somewhat, evidently depending upon the fat depots 
in the animal. During the experiments the largest amount of 
serum lipoids was a little over 1 per cent, which is a considerably 
smaller value than was found by Milne (1912-13) in his experi- 
ments. It may be that my rabbits were smaller and thinner than 
the rabbits employed by Milne, and that this may explain the 
difference in the intensity of the lipemia. 

It was noticed that, after the colloid osmotic pressure fell 
to a value somewhat above 200 mm. of water, it tended to remain 
at this level in spite of the continuous removal of large amounts 
of proteins from the organism. At the same time there were but 
very slight changes in the protein percentage. These facts are 
peculiar and they do not agree very well with the view that forms 
a part of the modern theory of edema; namely, that in nephrosis 
the great loss of proteins by way of the urine lowers the protein 
percentage and the colloid osmotic pressure so much that edema 
may ensue. In the production of edema, there must be other 
factors more significant than the fall in protein percentage and in 
colloid osmotic pressure from loss of proteins, since in nephrosis 
the loss of proteins by way of the urine is comparatively much 
smaller than the loss of proteins produced in the rabbits of this 
experimental series by means of venesection, and these animals 
show but a slight decrease in the protein percentage and in the 
colloid osmotic pressure of the serum, and no edema. 

Though I obtained about the same results as Fishberg (1929) 
from similar experiments, I would not agree with her conclusion 
that lipemia represents “‘an effort of the organism to compensate 
for the decrease in osmotic pressure.’”’ One can only say that 
lipemia is about coincident with low colloid osmotic pressure. 

Practically the same results were obtained in three other ex- 
periments with rabbits to remove the serum, the washed corpuscles 
being reinjected intravenously. Otherwise, the technique was 
the same as in the preceding experiments. 
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A METHOD FOR THE ESTIMATION OF THE ACID-BASE 
BALANCE IN THE ASH OF PLANTS.* 


By DONALD E. FREAR. 
(From the Rhode Island Agricultural Experiment Station, Kingston.) 


(Received for publication, June 23, 1930.) 


The common method of determining the excess of acidic or basic 
elements present in the ash of plant or animal tissue is to make a 
rather complete analysis of the material, computing the excess 
from the results of this analysis. Such a procedure is difficult, 
long, and the results secured are subject to the errors which may 
appear in the individual determinations. 

The advantage of a method which would give an index of the 
quantity of excess acidic or basic elements present in a plant 
material without such a laborious procedure as a total analysis is 
obvious. [xtreme accuracy could be sacrificed, if necessary, for 
speed, inasmuch as small differences in total acidity or basicity in a 
food material are not as important in many cases as the relative 
final reaction of the ash elements. 

Sherman and Sinclair (1), in a preliminary report, and Sherman 
and Gettler (2) in a later paper discuss the significance of differing 
amounts of acidic and basic elements in the ash of foodstuffs, 
and give results of analyses of a large number of materials used as 
foods. In this work the authors point out the fact that most of 
the current compilations of analyses give results in terms of the 
whole material, whether it be animal or vegetable, and not of the 
edible portion. The method discussed in the present paper has 
been applied only to plant materials, and in most cases to the en- 
tire plant. However, there seems no reason why this method 
could not be applied to the edible portions of plants, and perhaps 
to materials of animal origin. 


* Published by permission of the Director of the Rhode Island Agricul- 
tural Experiment Station as Contribution No. 396. 
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It is, then, with the idea that this method may have a wider 
application than is discussed in this paper, that the procedure 
described below is presented. 

The simplest method for determining the excess of acidic or 
basic elements in the ash of food materials is to titrate a solution 
of the ash obtained from a given sample of the material directly 
with standard acid or alkali. It was early recognized, however, 
that such a procedure was inaccurate, since a great part of the 
more volatile elements are lost during ignition. For lack of a 
better method this procedure is still in use, however, for as late as 
1929 Morse (3) titrated the ash of cranberries directly with stand- 
ard acid, in order to express the alkalinity of the ash of the fruit. 

In devising a method which will give a satisfactory measure of 
the excess of acidic or basic elements, the first consideration is that 
the more volatile elements be retained while the organic matter is 
decomposed by ignition. The elements which are lost in consider- 
able quantity seem to be sulfur and chlorine. It is known that 
the greater part of the former element present in plant or animal 
tissue is in organic combination, while chlorine has been shown to 
be liberated from its compounds when ignited in the presence of 
carbon (4). 

It has been shown by Benedict (5) and others that in order 
to hold organic sulfur during ignition, relatively large amounts of a 
basic element must be present, together with a suitable oxidizing 
medium. He has found such a combination of properties in copper 
nitrate, which, when used in combination with ammonium nitrate 
and sodium chloride, according to the procedure of Denis (6) allows 
the retention of organic sulfur in the ignition of many substances. 
Since it was shown by Frear (7) that such a medium could be used 
to retain the sulfur of certain plant materials, it was felt that the 
combination of reagents recommended by Denis (6) and stated 
above might retain the chlorine as well, and thus give an ash on 
which a true acid-base ratio could be determined. 

Determinations of the content of sulfur and chlorine before and 
after ignition with Benedict-Denis solution showed practically 
quantitative retention of these two elements. The precipitate of 
copper hydroxide formed during the titration, however, readily 
adsorbs materials in solution. Since this adsorption prevents ac- 
curate titration, it was necessary to abandon this line of attack. 
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A search for a more suitable reagent which would not yield a 
colored solution or a highly adsorptive precipitate upon neutral- 
ization led to the selection of magnesium nitrate as the basis for a 
solution which would have sufficient oxidizing power, and still con- 
tain a suitable alkaline element. The nitrate radical present func- 
tions as a strong oxidizing agent, while the magnesium furnishes 
comparatively strong alkali. A tentative method for the deter- 
mination of sulfur is given in the Methods of Analysis of the Asso- 
ciation of Official Agricultural Chemists (8) which retains that 
element by the use of magnesium nitrate. Hartwell, Smith, and 
Damon (9) in work which was the forerunner of the present in- 
vestigation used calcium nitrate solution in an attempt to deter- 
mine the acid-base balance in plant material but the reaction upon 
ignition was extremely violent, and analysis of the resulting ash 
showed losses of sulfur and chlorine. Work was thus undertaken 
to establish the suitability of magnesium nitrate as a reagent to 
retain during ignition the elements sulfur and chlorine present in 
plant material. 


EXPERIMENTAL. 


From the standpoint of ease of manipulation, the amount of 
reagent chosen must be sufficiently large to allow complete ignition 
at low temperature, but not so large as to cause an explosion or 
even an extremely violent reaction to take place. Various con- 
centrations of magnesium nitrate solutions were used, and from 
this preliminary work it was evident that a solution of 25 gm. of 
magnesium nitrate (Mg(NOs3)e-6 H.O) made to 100 ce. with dis- 
tilled water was suitable, when used in the proportion of 25 cc. of 
solution to 2 gm. of finely ground plant material. This was en- 
tirely from the physical point of view, and it remained to determine 
the efficiency of the reagent in retaining sulfur and chlorine. 

During the following work the procedure given below was fol- 
lowed, and is the method recommended. 


Method. 


Weigh 2 gm. of finely ground plant material into a porcelain 
beaker. Add to this about 10 ce. of distilled water, with care, 
so that no mechanical loss occurs. After the entire mass of the 
plant material has been wetted, add 25 ce. of a solution containing 








678 Acid-Base Balance in Plant Ash 


25 gm. of magnesium nitrate per 100 cc. Mix, and place on an 
electric hot plate regulated so that the mix simmers but never 
boils violently. Allow the liquid to evaporate, heating in all about 
3 to 4 hours. 

When the residue is entirely dry, but not so dry as to become 
explosive (this degree of drying is best regulated by experience), 
remove from the hot plate, cover, and place in an electric furnace 
heated to about 250°. After 15 minutes, or when it is evident that 
the first reaction is over, raise the temperature of the furnace to 
500°. This heating may be prolonged if black particles of un- 
burned carbon are in evidence, but ordinarily requires not more than 
30 minutes. The temperature should never be greater than 500°. 
Remove from the furnace when the contents of the beaker are 
white or nearly so, and allow to cool. Add about 10 cc. of water 
cautiously, allowing the ash to become thoroughly wet. Add 60 ce. 
of normal nitric acid from a burette, and digest on a hot plate just 
below the boiling temperature for 3 hours. Transfer the solution 
and any insoluble residue to an Erlenmeyer flask and titrate 
the excess acid with normal sodium hydroxide, using methyl] red 
indicator. 

Blank determinations are made in the same manner as above, 
1 gm. of sugar being used in the place of the plant material. 


Calculation. 


The amount of normal acid used minus the amount of normal 
alkali gives the amount of acid required to neutralize the alkalinity 
of the crop, plus that of the magnesium oxide formed from the 
oxidizing solution. The amount of normal acid required to neu- 
tralize the blank determination is then subtracted from the total 
quantity of acid used, and the result in ec. equals the milli-equival- 
ent weight of excess alkalinity in 2 gm. of plant material. Should 
the material have an excess of acidic elements, some of the alkali 
normally neutralized by the blank will remain. Thus the result 
of the above calculation will be negative, indicating an excess of 
acidic elements in the ash. 

Qualitative tests for escaping sulfur or chlorine were made by 
igniting plant material treated with the above reagent and dried, 
under a close-fitting hood made from a glass funnel. All fumes 
arising from the ignition were drawn by suction, first through a 
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} inch copper tube heated to redness, and finally through a series 
of wash bottles filled with distilled water. After the ignition was 
complete, the contents of the wash bottles were tested qualitatively 
for sulfates and chlorides. The absence of sulfates was noted in 
practically every case, while traces of chlorides were found in most 
of the solutions, although the quantities were very minute. 
Quantitative determination of sulfur in four samples of ground 
plant material were made before and after ignition with the mag- 
nesium nitrate. The analysis of the original material was carried 
out by the adaptation of the Benedict-Denis method described by 
Frear (7). Results of these determinations are given in Table I. 
Similar determinations of chlorine before and after ashing were 


TABLE I. 
Comparison of Sulfur and Chlorine Present in Plant Material and in Ash of 
Same Material after Ignition with Magnesium Nitrate Solution. 




















Cl 
Crop. in original | S in ash. | in original | Cl in ash. 

material. material. 

per cent per cent per cent per cent 
SR oc cin kms ead kp kineauade 0.103 0.092 0.161 0.196 
Buckwheat........................| 0.004 0.083 0.901 0.939 
re re 0.928 0.960 1.391 1.378 
0 Se ee 0.438 0.416 0.787 0.772 





made by the method of the Association of Official Agricultural 
Chemists and are shown in the same table. 

From the data shown, it is evident that the losses in these two 
elements are small. The discrepancies which appear are all within 
a reasonable limit of error. ’ 

There remained to determine whether the value obtained by the 
titration of the excess of basic or acidic elements was comparable 
with that calculated from a chemical analysis of the stronger acid- 
forming and base-forming elements of each of these crops. Analy- 
ses of the four samples of plant materials for the elements chlorine, 
sulfur, phosphorus, potassium, calcium, magnesium, and sodium 
were accordingly made. All of these were determined by the 
official methods of the Association of Official Agricultural Chemists, 
with the exception of sodium, which was determined by the zinc- 
sodium-uranyl acetate method of Barber and Koltoff (10). 
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The results of this comparison are given in Table II. The 
results secured by the titration method are in good agreement 
with those obtained by the complete analyses. Only the elements 
mentioned were considered in the calculation of the acidity or 
basicity of the ash. Other elements, such as iron, manganese, 
aluminum, and silicon, are not included in the calculations, since 
these elements are relatively weakly acidic or basic and with the 
exception of silicon, are present in very small amounts. Silicon 
has such extremely weak capacity for neutralizing strong bases 
that there seems little need for including it in the calculation. 
To a considerable extent these weak acidic and basic elements 
balance, thus compensatiing for any error. 


TABLE II. 
Milli-Equivalents of Strong Acid-Forming and Base-Forming Elements in 100 
Gm. of Dry Plants, and Their Algebraic Sum, Compared with 
the Results Obtained by the Titration Method. 






































| Excess of E xcess of 
basic basic 

Crop. | Cl PO; K Na | Ca Mg | elements | elements 
5 by by 

| | analyses. | titration. 
| | m.-eq. — 
Corn.... ence 4.5) 6.6) 20.3 30.5; 2.0) 11.6) 16.3) 29.0 25.0 
Buckwheat......... 25. 4 6.8) 18.5) 38. 8} 2.7| 53. 6 26.9) 71.3 71.3 
Cabbage............{36.7/64.5 22.4) 58.127.6 169.4) 19.7] 151.2 | 148.8 
BR iccwncutvas |22.2/28. 4| 66. 3 154.2/82.5 5| 14. 6 46.3) 180.7 190.9 





* H;PO, considered as a dibasic acid. 


The determination of the acid-base balance of the ash by the 
ignition in the presence of magnesium nitrate can be made in ap- 
proximately 5 hours, and a considerable number can be conducted 
simultaneously, thus allowing the results to be secured in a fraction 
of the time required for the analytical procedures. 


SUMMARY. 


A method for the estimation of the excess of acidic or basic 
elements in the ash of plant materials is presented. The pro- 
cedure requires much less time than a complete analysis for the 
elements concerned. It is shown that sulfur and chlorine are 
retained when plant material is ignited in the presence of mag- 
nesium nitrate. The acid-base balance of the plant, determined 
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by titration of this ash, is in good agreement with the stoichio- 


he 
nt metric balance of the amounts of strong acidic and basic elements 
ts obtained by chemical analysis. 
or . . . . 
e The author wishes to express his obligations to Mr. John B. 
’ . . . . 
™ Smith for his advice throughout the course of this work. 
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QUANTITATIVE DIFFERENTIATION OF VITAMINS 
A AND D. IL.* 


By H. C. SHERMAN anv H. K. STIEBELING. 


(From the Department of Chemistry, Columbia University, New York.) 
(Received for publication, July 1, 1930.) 


In a previous paper from this laboratory (1) the experimental 
data presented on this subject were discussed in their bearings 
both upon the precautions which should be taken in measurements 
of vitamin A values, and the interpretation of such work as had 
been done in this direction in our own laboratories before the 
recognition of vitamin D as a separate growth essential. 

Steenbock and Nelson (2) had found the growth of their young 
rats, when placed on a diet adequate so far as known except for 
fat-soluble vitamins, to be first inhibited by the depletion of 
their bodily surplus of vitamin D; when this latter factor was 
supplied by irradiating the rat or its food, growth was resumed 
until the vitamin A stores were depleted, as evidenced by the 
incidence of ophthalmia as well as by cessation of growth. Rela- 
tive to their needs, these young rats had a larger bodily reserve 
of vitamin A than of vitamin D. Growth ensued only when both 
factors were supplied. 

In the work of this laboratory, when dry whole milk constitutes 
one-sixth and wheat five-sixths of the food mixture, the diet 
(Diet A) is found adequate for the normal nutrition of the rat 
throughout successive generations (3, 4), while if the proportion 
of milk is increased to one-third of the wheat and milk mixture, 
even better nutrition results (3); and the young from the diet 
containing the higher proportion of milk possess at every age 
larger bodily reserves of both vitamins A and D, as indicated by 
the fact that they require a longer time (and make more growth) 
upon vitamin A-free or vitamin D-deficient diets, respectively, 


* Published as Contribution No. 633 from the Department of Chemistry, 
Columbia University. 
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before their bodily stores of these vitamins are sufficiently de- 
pleted (or “diluted” by growth) for gain in weight to cease. 
Workers in this laboratory had for some years regarded the 
young rats from the better diet (Diet B) as more suitable for use 
in vitamin A determinations than those from Diet A; Sherman 
and Burtis (5) found them less susceptible to infection during 
the test period, even though just before the test period the differ- 
ence in the bodily store of vitamin A was eliminated by means of 
a preliminary depletion period. The larger proportion of milk 
in the family dietary may also furnish the young with important 
reserves of other factors whose importance is not yet clearly 
recognized. As a rule, animals from Diet B have larger bodily 
stores of vitamin D than of vitamin A relative to their needs 
(1, 6, 7). We know, however, that there are variable amounts 
of vitamins A and D in milk powder, which is the source of these 
vitamins for both the mothers and the young animals up to the 
time that the latter are taken for test. Hence we employ in the 
work of this laboratory measures to provide vitamin D liberally 
in all vitamin A experiments (1, 6, 8) in accordance with the gen- 
eral principle of conducting quantitative determinations of vita- 
mins under conditions which provide amply for all known nutri- 
tional essentials except the one under investigation. Additional 
vitamin D can readily be furnished to experimental rats by 
incorporating in the basal diet some form of irradiated ergosterol. 
Recently Sherman and Burtis (6) have described some refine- 
ments of the method for determining vitamin A, as developed in 
this laboratory (8) from the basic work of Drummond, Coward, 
and their associates. The method now involves the use of animals 
of accurately known age and nutritional history. Rats reared 
by mothers receiving our Diet B, with or without 30 to 60 gm. 
of fresh lean beef per adult per week, are placed when 3 or 4 weeks 
old upon a basal diet excellently adapted to the needs of the 
animals in all other respects but carefully freed from vitamin A. 
The basal diet which we now use consists of casein (freed from 
fat-soluble vitamins) 18 per cent, salt mixture (9) 4 per cent, dry 
brewers’ yeast 10 per cent, sodium chloride 1 per cent, corn- 
starch 67 per cent, irradiated commercial cholesterol 0.05 per 
cent, or an equivalent amount of some other form of irradiated 
ergosterol. The rats are kept on this diet until growth has ceased 
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because of depletion of their bodily stores of vitamin A. Young 
rats from our colony, receiving this basal diet usually gain about 
35 to 50 gm. in body weight before growth is suspended. When 
growth has definitely ceased under conditions which extended 
experience indicates to mean the depletion of the bodily store of 
vitamin A, the animal usually also showing other signs of 
vitamin A deficiency, each animal is placed in a separate all-metal 
cage with raised screen floor to prevent access to excreta, and the 
test period or experimental period proper is begun. 

For this work we limit the choice of experimental animals to 
rats weighing from 70 to 100 gm. at the end of the preliminary 
period, because the rate of gain on a given allowance of vitamin 
A tends to vary with the size of the individual. 

Usually, of each litter of animals used in work of this kind, 
one or more is continued on the basal diet without supplement 
as a (negative) control which is observed daily for symptoms of 
the characteristic pathology of vitamin A deficiency. The ex- 
perience thus gained ultimately enables the worker to detect these 
symptoms in their incipiency and thus to begin the test period when 
the animals have been thoroughly depleted of surplus vitamin A 
but are not in a seriously pathological condition. From this point 
onward, the other test animals of a litter are fed different amounts 
of the food under investigation. To judge the rate of gain per- 
mitted by a given amount of food, an average of the gain in gm. 
made by representative animals from several litters should be 
used. The daily allowance of a food material which is required 
to support an average rate of gain of 3 gm. per week during the 
test period is considered to furnish 1 unit of vitamin A. When 
quantitative studies of the effect of some treatment on vitamin A 
are being made, it is recommended that carefully matched rats 
from the same litters be fed in parallel such daily amounts of the 
treated and untreated preparations as have been shown by pre- 
liminary experiments to contain 1 unit of vitamin A. The extent 
of inactivation can be calculated from the amounts of test material 
necessary to permit similar growth. 

In an analysis of almost 200 experiments in which the rate of 
gain was approximately our standard unit rate of 3 gm. per week, 
it was found that to have shortened the test period from 8 weeks 
to 5 weeks would have resulted in only slightly less regular findings 
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and a somewhat higher average rate of gain per week. The shorter 
test period therefore tends to give the material tested a higher 
numerical rating in vitamin A value. Studies are in progress to 
determine, if possible, the explanation for this. The shorter test 
period may prove advantageous in avoiding complications aris- 
ing from other factors in these measurements of vitamin A, as 
we now believe may be the case in similar measurements of 
vitamins B and G. 

The relationship between vitamin intake and gain in weight is 
not always linear. Therefore, ideally, comparisons of the vitamin 
content of foods should be made on the basis of the amounts 
necessary to produce some selected average rate of gain in a 
sufficient number of suitably standardized rats in well controlled 
experiments. In our experience 3 to 4 gm. per week is the most 
satisfactory rate of growth upon which to base comparisons of 
the relative amounts of vitamin A in test materials. This rate 
of growth is low enough to permit the results to be verified by 
means of the larger and smaller gains in weight resulting from 
feeding correspondingly larger or smaller amounts of the vitamin 
A-containing food. Also at this rate of growth males and females 
may be used interchangeably. Probably too, the lower the rate 
of growth the less likely it is to be influenced by factors other 
than vitamin A. 

When such amounts of two or more vitamin A-containing 
products are fed that the attendant rates of growth are decidedly 
different from each other and from 3 to 4 gm. per week, their 
relative vitamin potency can be compared only by establishing, 
or assuming as established, the relationship between various 
rates of growth and graded allowances of vitamin A and then in- 
terpreting the findings on the basis of such a set of standards. 
Such a set has been tentatively proposed by Batchelder (10) 
who controlled all the factors known to affect the accuracy of 
vitamin A determinations. 

Hundreds of experiments have shown that when all the con- 
ditions affecting the accuracy of the determination are observed, 
the rat growth method gives reproducible results for the deter- 
mination of vitamin A. In our experience the growth response 
under the conditions here described is a more reliable quantitative 
index of vitamin A than other physiological responses. 
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When rats from our Diet B are fed a diet adequate otherwise 
so far as known but decidedly deficient in vitamin D, they continue 
to gain, on the average, from 6 to 8 gm. per week for about 3 months 
(in one series for as long as 4 months) before their growth is 
suspended (7), whereas when given a diet otherwise adequate 
but free from vitamin A, cessation of growth usually occurs in 
4 to 5 weeks. 

While this relatively larger store of vitamin D served to pro- 
tect, for the most part, our determinations of vitamin A before 
the recognition of vitamin D as an essential nutritional entity, 
it has made our animals unsatisfactory as reagents for determining 
vitamin D by the rat growth method. On a basal diet consisting 
of casein (carefully freed from fat-soluble vitamins) 18 per cent, 
dry brewers’ yeast 10 per cent, Osborne and Mendel salt mixture 
4 per cent, corn-starch 66 per cent, sodium chloride 1 per cent, 
and dried spinach 1 per cent, vitamin D appears to be the first 
growth-limiting factor for our rats up to about 150 to 180 days 
of age. However, this diet does not support a fully normal rate 
of growth even when vitamin D is liberally supplied. The in- 
creased rate of gain observed when vitamin D is abundantly 
supplied as contrasted with that resulting when vitamin D is 
limited to the preexperimental bodily store (augmented with 
possible traces in the basal diet) is too small to encourage at- 
tempts to use growth as a quantitative measure of supplementary 
vitamin D, although we find that graded portions of a vitamin D- 
containing food (whole summer milk powder) produce corre- 
sponding increments in weight. However, as we pointed out in 
a previous paper (7), we are deterred from using gain in weight 
as a measure for vitamin D not only because of the comparatively 
small difference at any age in the rate of gain between rats re- 
ceiving only the basal diet and those receiving this diet liberally 
supplemented with vitamin D, but also because the measurements 
would have to be made at a level of growth rather high for 
precise determinations. 

From our data we believe that if rats are reared by mothers 
on a diet such as Steenbock and Nelson (2) employed—rela- 
tively high in vitamin A but low in vitamin D—they might 
quickly be depleted of their store of vitamin D and then respond 
quantitatively by growth to graded amounts of vitamin D-con- 
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taining food. With our rats, which possess a higher reserve of 
vitamin D than do theirs, we find the extent of calcification a more 
satisfactory measure (than growth) of graded allowances of vitamin 
D as supplements to a basal diet containing vitamin A and a uni- 
form and adequate supply of the inorganic elements. This 
appears to be true both when the experimental period is begun 
immediately upon separation of the test animals from their moth- 
ers or after attenuating the bodily surplus of vitamin D by feed- 
ing a diet otherwise adequate but deficient in vitamin D for a 
prolonged period. At each of the ages studied—56 days, 80 days, 
and 155 to 180 days—the increase in the percentage of calcium 
in fresh femurs was proportional to the intake of vitamin D. We 
are reporting our results on the basis of the percentage of calcium 
(or of ash) in the fresh femur, because it is less time-consuming 
and, as shown by the extensive data summarized in Table I, is 
quite as precise a measure as other criteria commonly employed. 

The percentage of calcium (or of ash) in the bones of animals 
receiving the basal diet and any definite amount of vitamin D var- 
ies considerably from individual to individual and from litter 
to litter. However, in five series of experiments, the averages 
of groups receiving graded amounts of vitamin D, each group 
within a series including animals from the same litters and strictly 
comparable so far as weight, age, and sex were concerned, show 
graded differences in calcium deposition. The data of Table I 
indicate that the difference between the two control groups is 
large enough so that a figure midway between the results ob- 
tained with positive and negative controls would certainly be 
significantly different from either. The gradations in calcium 
deposition due to increasing amounts of test material, shown in 
Table II, are too small to justify statistical analysis, but the 
uniformity of the results obtained in the various series seems to 
establish the fact that vitamin D quantitatively affects the de- 
position of calcium under the conditions here described. 

It will be noted that our basal diet is radically different from 
the rickets-producing diets commonly used for vitamin D studies 
which involve the use of the line test. None of our rats receiving 
only the basal diet here used developed rickets as judged by the 
line test (11), although occasionally a few beaded ribs were ob- 
served in rats 80 days or more in age. We were not dealing with 
rickets as ordinarily understood. 





TABLE II. 





Effect of Graded Amounts of Supplementary Vitamin D upon Calcium Content 


of Femur. 





Series I. 


Series IT. 





Series III. 


Series IV. 


Series V. 


Supplement to basal diet per wk. 





None. 
0.75 gm. whole milk powder. 
1 50 “ “ “ “ 


29295 “ “ “ “ 


Ultra-violet irradiation.* 


None. 

1.50 gm. whole milk powder. 
3 00 “ “ “ “ 

4 50 “ “ “ “ 
Ultra-violet irradiation.* 


None. 

0.75 gm. whole milk powder. 
1 50 “ “ “ “ 
3.00 “ “ “ “ 
Ultra-violet irradiation. * 


None. 

18 ec. fresh whole winter milk. 
24 “cc “ “oc “ “ 
48 “ “ “ “ “ 
60 “ “ “ “ “ 


Ultra-violet irradiation.* 


None. 

24 cc. fresh whole winter milk. 
48 “ “ “ “ “ 
60 ““ “ “oe o “ 


Ultra-violet irradiation.* 























Ca in green 
3 femur. 
f 12 | 
Hla) iz 
2) 22/52 43 
6) E | = 
an ae Mea ON oy 
| days days | gent | cent 
12 0 | 35| 7.9 
10, 0 | 35| 8.0 
11) 0 | 35) 8.9) 37 
8 0 | 35 9.7| 68 
11 0 | 35 |10.6) 100 
6 31 | 28 | 7.8 
6 31 | 28/ 8.9, 32 
7| 31 +| 28 (10.3) 74 
9 31 | 28 11.0, 94 
10) 31 | 28 |11.2 100 
| 
5'70-96, 56 | 8.7 
5|70-96| 56 |10.0, 41 
770-96) 56 |10.8 66 
670-96 56 |12.3) 111 
470-96) 56 |11.9| 100 
| | 
| 
6| 0 | 28 | 7.7 
6 0 | 28| 8.4 29 
4 0 | 288.7) 42 
4 0 | 28| 9.2) 63 
3} 0 28 9.5) 75 
9 0 | 28 10.1) 100 
| | | 
7 31 | 28 | 7.1) 
7; 31 | 28/| 8.0) 21 
6 31 | 28| 8.5) 33 
3, 31 | 28 | 9.3) 51 
7| 31 | 28 |11.4) 100 


' 





* 10 minutes daily (except Sunday) during the experimental period. The 
bottom of the cage was 22 inches from the are of Alpine sun lamp No. 1111, 
operated on a v.c. of 110 volts; capacity 4 amperes; are 8.0 cm.; manu- 


factured by Hanovia Chemical and Manufacturing Company. 


According 


to Anderson (Hanovia Chem. and Mfg. Co., Research Lab. Bull. No. 200 
(1925)), lamps of this description emit an ultra-violet radiation of such 
a nature that in a solution containing 6.3 gm. of pure oxalic acid and 4.27 
gm. of uranyl sulfate (UO2.-SO,-3H,0) per liter, exposed in a rectangular 
quartz cell in a layer 1.8 em. thick at a distance of 8 inches from the are, 
the decomposition of 1 mg. of oxalic acid in 30 minutes corresponds to the 


absorption of 4.84 X 10* ergs per sq. cm. per second, 


690 








ent 


controls. 





H. C. Sherman and H. K. Stiebeling 691 


McCollum and coworkers (12) demonstrated that the vitamin 
D requirement was decreased as the balance between, and the 
total amounts of, inorganic elenents were made more nearly 
optimal. In common with other investigators (7, 13-16) we 
have obseryed that furnishing supplementary vitamin D increases 
markedly the deposition of calcium in rats receiving basal diets 
poor in vitamin D, even though they contain generous amounts 
of well balanced salt mixtures. 

When the available vitamin D was limited to the store acquired 
before 3 to 4 weeks of age (together with possible traces found in 
the basal diet), the percentage of calcium in the body of our rats 
(negative controls) at 56 days was 0.88, at 80 days 0.98, and at 
155 to 180 days 1.00. When the rats were irradiated for 10 min- 
utes daily with ultra-violet light (positive controls), the per- 
centage of calcium at 56 days of age was 1.02, at 80 days 1.17, 
and at 155 to 180 days 1.28. The basal diet used contained 0.74 
per cent calcium and 0.58 per cent phosphorus (Ca: P = 1.28), 
supplied largely from a salt mixture (Osborne and Mendel) approx- 
imating the inorganic composition of milk. This being the case, 
the largest amount of whole milk powder fed as a supplement to 
the basal food did not significantly change either the percentage 
or the ratio of calcium and phosphorus in the total food intake. 
Nor did the other constituents of milk appear to play a prominent 
role in influencing calcium deposition. From 2 to 4 times the 
amounts of milk solids were required to effect the same changes 
in calcification when the milk used was low in vitamin D, 7.e. 
winter milk from stall-fed cows, instead of dried whole summer 
milk from pasture-fed cows, which is higher in vitamin D; and a 
few strictly parallel experiments in which were tested correspond- 
ing amounts of natural milk powder and a synthetic milk (con- 
sisting of purified casein, lactose, a commercial hydrogenated 
vegetable fat, and milk ash in the proportions in which protein, 
fat, carbohydrate, and the inorganic elements occur in milk 
solids) showed that only the natural product was influential in 
promoting calcification in these cases. 

From this experience we would offer tentatively the following 
method for the determination of vitamin D, when it is desired 
to employ a diet adequate except for vitamin D, and when the 
rats available as reagents possess so large a bodily store of vitamin 
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D as not to be readily depleted to the point where growth is in- 
hibited. Young rats 21 to 28 days old, weighing from 25 to 45 
gm., are placed on a diet like that used for vitamin A determina- 
tions, except that theconstituent providing vitamin D in the vitamin 
A-free diet is replaced by a constituent rich in vitamin A but as 
nearly as practicable devoid of vitamin D. Our diet consists of 
extracted casein 18 per cent, Osborne and Mendel salt mixture 
4 per cent, dried brewers’ yeast 10 per cent, sodium chloride 1 
per cent, dried powdered spinach 1 per cent, corn-starch 66 per 
cent. At 21 to 28 days of age they are put into individual all- 
metal cages with raised screen floor to prevent access to excreta, 
and from that time to the 56th day of age one or more of each 
litter of animals is kept on the basal diet without supplement; 
another is given an abundance of vitamin D (irradiated ergosterol 
in some form, or daily irradiation with ultra-violet light) and still 
others of the same litter are fed graded allowances of the food under 
investigation. The animals are kept in semidarkness in rooms 
lighted through glass. 

At 56 days of age the rats are chloroformed, and the femurs 
are dissected out, carefully and quickly freed from all adhering 
muscle and tendons, weighed, and ashed at low red heat. The 
percentage of ash or of calcium in the fresh bone is determined, 
and taken as a criterion of the degree of calcification. In our 
experience, basing the percentage of ash or of calcium on the 
weight of the fresh femur gives results which can be quite as 
satisfactorily interpreted as basing results on the weight of the 
dried aleohol-ether-extracted bone. 

We consider to have equivalent vitamin D content those 
amounts of materials under investigation which induce a degree 
of calcification midway between the minimum values fixed by 
the diet without added vitamin D and the maximum values 
obtained with an abundance of supplementary vitamin D. It 
should be emphasized that this method is feasible only when 
the groups of animals used for testing vitamin D can be compared 
with two control groups each containing representatives from 
the same litters and matched in sex and weight, one receiving no 
added vitamin D, the other receiving a fixed liberal supply. Prob- 
ably animals from at least five or more litters should be used for 
obtaining the average figures for each group. 
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SUMMARY AND CONCLUSIONS. 

1. In using rats such as ours, which have considerable bodily 
stores both of vitamins A and D, for quantitatively determining 
these vitamins under conditions in which the vitamin in question 
is the first dietary deficiency, we find gain in weight under suit- 
ably controlled conditions the best measure for vitamin A intake, 
and the degree of calcification the most practical measurement 
of vitamin D intake (in test animals which do not show rickets). 

2. The experience of our laboratory indicates clearly that 
quantitative comparisons of the vitamin A content of materials 
are best made by determining the amounts necessary to produce 
the same limited gain in weight (3 or 4 gm. per week during the 
test period) in a sufficient number of suitably standardized rats 
receiving a basal diet free from vitamin A, but otherwise adequate. 

3. Less extensive but quite consistent experience indicates 
that quantitative comparisons of the vitamin D content of food 
(or other) materials may be made by finding the amounts neces- 
sary to induce a degree of calcification midway between those 
maximum and minimum values obtainable under suitably con- 
trolled conditions, although the actual percentage of calcium in 
the animal will depend on the nutritional history, its initial age, 
weight, and sex, as well as on the mineral constituents of the 
basal diet, and the length of the experimental period. 
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STUDIES ON THE PHYSIOLOGY OF PYRIMIDINES. 


III. THE INTERMEDIARY METABOLISM OF URACIL.* 
By LEOPOLD R. CERECEDO. 


(From the Division of Biochemistry, University of California Medical School, 
Berkeley.) 


(Received for publication, May 7, 1930). 


Some time ago, the writer (1) studied the metabolism of certain 
pyrimidines. That investigation showed that thymine glycol 
which is an oxidation product of thymine in vitro, is oxidized in the 
dog to the same end-products as thymine. On the basis of those 
observations it was assumed that the oxidation of thymine in the 
animal body takes place according to the reaction: 


NH—CO NH—CO NH; 
| | | CH | 
CO C-CH;— CO C. — CO 
| II | | ‘OH | 
NH—CH NH—CHOH NH: 
Thymine. Thymine glycol. Urea. 


The fate of the remainder of the thymine molecule was not de- 
termined. 4 
Those results led to the investigation of the intermediary 
metabolism of uracil which is the subject of the present paper. 
Baudisch (2) has shown that isobarbituric acid is an intermediate 
product in the oxidation of uracil in vitro. Behrend and Roosen 
(3) found that isobarbituric acid is converted by bromine water 
into isodialurie acid. 
We are dealing with the following reaction. 
00 hala NH—CO 
| | | 
Co i — CO COH — CO CO 
| | | I | 
HN—CH NH—CH NH—CHOH 


Uracil. Isobarbituric acid. Isodialuric acid. 





* This investigation has been aided by a grant from the Board of Re- 
search of the University of California. 
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The present investigation was undertaken in an attempt to de- 
termine whether isobarbituric acid and isodialurie acid are in- 
termediary products in the metabolism of uracil in the animal 
body. Steudel (4) studied the behavior of these compounds in a 
dog. He found that they were apparently completely oxidized 
since he was not able to recover them from the urine collected 
following their administration. 


EXPERIMENTAL. 


Isobarbituric acid was prepared according to the method of 
Davidson and Baudisch (5). Isodialurie acid was obtained from 
isobarbituric acid on oxidation with bromine water (3). 


TABLE I. 
Experiments with Isobarbituric Acid. 
Dog A; weight 11 kilos. 





Experiment 1. Experiment 2. 









































Day. 

Yo | Teal | Ure | sonia | amie | Yok | Fetal | Ure | moni | sani 

ce. gm. gm. gm. gm. ce. gm. gm. gm. gm. 
1 225 | 5.75 | 4.56 | 0.46 | 0.276 | 183 | 4.86 | 4.01 | 0.56 |0, 209 
2 211 | 5.59 | 4.51 | 0.43 | 0.259 187 | 4.88 | 3.99 | 0.55 |0.214 
3 205 | 5.60 | 4.62 | 0.44 | 0.268*| 175 | 5.01 | 4.13 | 0.47 |0.209* 
4 219 | 5.97 | 4.83 | 0.37 | 0.138 | 183 | 5.49 | 4.36 | 0.41 |0.043 
5 189 | 5.49 | 4.54 | 0.42 | 0.236 | 180 | 5.02 | 4.19 | 0.52 |0.190 
6 192 | 5.57 4.55 | 0.33 | 0.259 | 164 | 5.04 | 4.20 | 0.51 |0.210 





* 3.0 gm. of isobarbituric acid fed with jood. N = 0.65 gm. 


Female dogs were used exclusively in the experiments described 
below. The animals were kept on the standard diet described by 
Cowgill (6). The plan of the experiments was to follow the vari- 
ous urinary constituents until a nitrogen equilibrium had been 
reached, to give the substance to be tested mixed with the food, 
then to continue the experiment until the output of these excre- 
tory products had returned to normal. The dogs were kept in 
metabolism cages, and the urine collected by catheterization every 
24 hours. The animals were allowed to drink water ad libitum. 

The following methods for analyses were used: total N, Kjel- 
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dahl; urea, Van Slyke’s gasometric method; ammonia, Folin’s per- 
mutit method; inorganic sulfur, precipitation with benzidine and 
titration according to Drummond and Folin’s gravimetric method; 
total and ethereal sulfates, Folin’s method; total sulfur, Givens’ 
modification of Benedict’s method (7). 


Experiments with Isobarbituric Acid. 


The results obtained after feeding isobarbituric acid are shown 
in Table I. An examination of the data shows that the substance 





























TABLE II. 
Experiments with Isodialuric Acid. 
Day. | Volume. | Total N. | Urea N. | oe — ae 
ec, gm gm. gm gm. 

Dog A; weight 1 200 5.31 4.27 0.48 0.252 
11.2 kilos. 2 185 5.29 4.35 0.42 0. 256 
3 190 5.27 4.40 0.41 0. 234* 

4 195 5.73 4.76 0.49 0.168 

5 200 5.48 4.61 0.42 0.281 

6 215 5.35 4.41 0.44 0. 237 

Dog B; weight 1 140 4.57 4.13 0.26 0.223 

9.5 kilos. 2 104 4.69 3.99 0.29 0.215 
3 100 4.69 4.03 0.31 0.217* 

4 150 5.46 4.31 0.31 0.181 

5 180 4.95 4.10 0.28 | 0.230 

6 115 4.72 4.15 0.27 0.212 

Dog C; weight 1 146 5.65 4.36 0.49 0. 287 

12.0 kilos. 2 151 5.59 4.48 0.43 0.281 
3 178 5.67 4.52 0.40 0.292* 

4 195 6.26 5.08 0.31 0.241 

5 157 5.79 4.67 0.42 0.294 

6 140 5.71 4.55 0.44 0.291 

* 3.0 gm. of isodialuric acid fed. N = 0.58 gm. . 


was to a great extent broken down to urea. Attention is called 
to the figures showing the output of inorganic sulfates. Following 
the feeding of the compound we find a distinct drop in the excre- 
tion of inorganic sulfates. 


Experiments with Isodialuric Acid. 


The data from three experiments on three different dogs illus- 
trating the metabolism of isodialurie acid are found in Table II. 
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In every case a rise in the urea output was noted after feeding this 
substance. Coincident with this rise in urea we find also in these 
experiments a marked decrease in the excretion of inorganic sul- 
fates. 


Effects of Isobarbituric Acid and Isodialuric Acid on 
Sulfur Metabolism. 


As was indicated above, isobarbituric acid and isodialurie acid 
caused a distinct drop in the excretion of inorganic sulfates. These 


















































TABLE III. 
Observations on Sulfur Metabolism. 
| Fi 
| lelel2lelale/2l4l 3 
lieplgizZiagiagigi Fz 3 3 3 
jé{Fl/e/s}/2/2|/8 | & | a | 2 
| cc. gm. gm. gm. | gm. gm. | gm | gm gm 
Dog B; | 1 | 111 | 5.44) 4.71) 0.3410. 220 
weight 9.6 | 2 | 113 | 5.34 4.55 0.260.210, | | 
kilos. 3 | 140 | 5.28) 4.56] 0.330.216] 0.297) 0.240) 0.024)0.057* 
4 | 105 | 5.76) 4.81) 0.28)0.084| 0.288) 0.237) 0.153/0.051 
5 | 95 | 5.15] 4.32) 0.27/0. 159) 0.236) 0.188) 0.029.048 
6 | 115 | 5.14) 4.42) 0.26/0.210| 0.283) 0.233) 0.023/0.050 
Dog C; 1 | 159 | 5.58) 4.44) 0.43/0. 242 
weight 2 | 147 | 5.41) 4.30) 0.440.216 | 
12.0 kilos. | 3 | 149 | 5.50) 4.50) 0.44/0,220| 0.316) 0.242) 0.022/0.074* 
| 4 | 155 | 5.97| 4.80] 0.39]0.089) 0.285) 0.238) 0. 149/0.047 
| 5 | 143 | 5.32) 4.21) 0. 45)0. 197] 0.278) 0.228) 0.031/0.050 
| 6 | 138 | 5.60) 4.46) 0.51/0.247| 0.337) 0.275) 0.0280.062 
| 7 | 147 | 5.61) 4.52) 0.430.223 








* 2.5 gm. of isobarbituric acid fed. N = 0.56 gm. 


observations raised the question as to what effect the ingestion of 
these substances might have on the other fractions of urinary 
sulfur. Two experiments (Table III) bring the answer to that 
question. An examination of Table III shows that following the 
feeding of isobarbituric acid, there is, coincident with the drop of 
inorganic. sulfates, a proportionate increase in the output of 
ethereal sulfates. Inasmuch as it was found that the feeding of 
isodialurie acid also affected the output of inorganic sulfur in the 
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same direction as isobarbituric acid, it is reasonable to assume 
that these two substances are to a greater extent broken down to 
urea and to a lesser extent eliminated as ethereal sulfates. The 
latter part of this assumption has to remain tentative until it is 
possible to isolate the isobarbituric acid and isodialuric acid sul- 
fates from the urine. 

DISCUSSION. 

The observations recorded in the present series of experiments 
seem to indicate that isobarbituric acid and isodialuric acid are 
intermediary products in the metabolism of uracil. Apparently, 
we are dealing with the following sequence of reactions: uracil— 
isobarbituric acid —isodialuric acid—urea and a carbon compound 
containing 3 carbon atoms. 

It is significant that, as in the case of thymine, we are dealing 
here with oxidations taking place in animal tissues which are 
similar to those occurring in vitro. 

Another important fact which emanates from these experi- 
ments is the distinct drop in the output of inorganic sulfur and the 
proportionate rise in the excretion of ethereal sulfates following 
the feeding of these compounds. It appears reasonable to assume 
that isobarbituric acid and isodialuric acid are partly excreted as 
ethereal sulfates. It seems to the writer that these observations 
will make it necessary to devote especial attention to the different 
fractions of sulfur in the urine in experiments dealing with the 
metabolism of purines and pyrimidines. 


SUMMARY. 


Experiments are described in which isobarbituric acid and iso- 
dialuric acid were fed to dogs maintained on a nitrogenous equi- 
librium. 

Evidence was obtained that isobarbituric acid and isodialuric 
acid, when fed in small amounts to dogs, are to a great extent 
metabolized to yield urea. 

It is assumed that in the metabolism of uracil we are dealing 
with the following sequence of reactions: uracil—isobarbituric 
acid—isodialuric acid—urea + an unknown carbon compound. 

Following the feeding of isobarbituric acid and isodialuric acid 
a distinct drop in the output of inorganic sulfates was noted. 
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This drop in the excretion of inorganic sulfates is due to a practi- 
cally proportionate increase in ethereal sulfate. Pending the iso- 
lation of isobarbituric acid and isodialuric acid sulfate from the 
urine it is tentatively assumed that these compounds are excreted 
partly in the form of ethereal sulfates. 
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THE a-OXIDATION OF ACETALDEHYDE AND THE 
MECHANISM OF THE OXIDATION OF 
LACTIC ACID. 


By JAMES B. CONANT anp CARL O. TONGBERG. 


(From the Converse Memorial Laboratory of Harvard University, Cambridge.) 
(Received for publication, July 19, 1930.) 


In previous papers (1, 2) it has been shown that in dilute aque- 
ous solutions aldehydes may be oxidized in the a position by oxi- 
dizing agents such as ceric sulfate, potassium dichromate, and 
potassium ferricyanide. Normal butyraldehyde and isobutyr- 
aldehyde yielded the most conclusive results; the latter was con- 
verted by ceric sulfate at 80° into a-hydroxyisobutyraldehyde and 
acetone. The evolution of carbon dioxide by the oxidation of acet- 
aldehyde with potassium permanganate in acid solution under 
special conditions indicated that the a-oxidation could proceed also 
with this aldehyde. A study of the action of ceric sulfate on acet- 
aldehyde in dilute solution at 80° has now shown that with this 
reagent a-oxidation is the normal course of the reaction. A study 
of the action of the same reagent on lactic acid shows that the 
acetaldehyde first formed undergoes a-oxidation. The possible 
biochemical implications of this fact are considered in the con- 
cluding paragraphs of this paper. 


Oxidation of Acetaldehyde. 


The oxidation of acetaldehyde by a 0.2 N solution of ceric sulfate 
in 0.5 m sulfuric acid at 80° yields formic acid as the chief product. 
In addition, about 0.25 mol of carbon dioxide per mol of aldehyde 
is produced and small amounts of volatile and non-volatile alde- 
hydes. The presence of glycolic aldehyde or glyoxal was estab- 
lished by the formation of the p-nitrophenylosazone which was 
identified by a mixed melting point. The fact that the solution 
(after removal of the cerous salts) reduced Fehling’s solution 
rapidly at room temperature but reacted very slowly with phenyl- 
hydrazine showed that the source of the osazone was glycolic 
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aldehyde and not glyoxal, although the presence of some of this 
compound is not excluded. Glyoxylic acid is also formed in vary- 
ing amounts depending on the conditions. A positive test for it 
was obtained in the distillate in several experiments. A small 
amount of formaldehyde is probably also formed but not in suffi- 
cient amounts to obtaina solid derivative. 

In all the experiments the temperature was kept at 80-90°; 
in order to study the volatile aldehyde it was necessary to be sure 
that all the acetaldehyde had been oxidized. This was accom- 
plished in a number of experiments by employing a 5:1 molecular 
proportion of oxidizing agent and prolonging the action for 2 hours. 
A typical experiment was as follows: 50 cc. of freshly prepared 
0.2 m acetaldehyde solution (0.01 of a mol) were added to 200 ce. 
of a 0.24 m solution of ceric sulfate (0.048 of a mol) in 0.5 m sulfuric 
acid. The temperature was kept at 80—90° for 2 hours; a slight 
excess of ceric sulfate was still present at the end of this time, as 
shown by the yellow color. The solution was cooled, filtered (a 
large amount of cerous sulfate precipitated during the reaction), 
and about 200 cc. distilled. The distillate contained no acetal- 
dehyde as judged by the absence of a positive iodoform test. 
Tests with fuchsin reagent, and Tollens’ reagent, were positive, 
while the solution failed to reduce Fehling’s solution. A slight 
murkiness was formed in treating the distillate with p-nitro- 
phenylhydrazine. A Hopkins-Cole test for glyoxylic acid was 
positive. Another sample of the distillate was neutralized with 
sodium hydroxide (in some experiments a redistillation was per- 
formed before the neutralization). The sodium salt was obtained 
by evaporation to dryness (each run yielded a few tenths of a gm.). 
The salt was found to be chiefly sodium formate contaminated 
with a little sodium carbonate. (Possibly small amounts of sodium 
acetate were also present.) The typical reactions of sodium for- 
mate (including the evolution of 1 mol of carbon dioxide on oxida- 
tion), an analysis of the barium salt, and the actual isolation of 
formic acid from several gm. of material, completed the identi- 
fication. 

The nature of the non-volatile aldehyde was established in 
another similar experiment in which the reaction mixture stood 
15 minutes and only 150 ce. were distilled in order to avoid de- 
composition. Such a residue on treatment with p-nitrophenyl- 
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hydrazine yielded a small amount of reddish brown precipitate 
(a few mg. in each experiment). This precipitate gave the test 
with sodium hydroxide and alcohol characteristic of the p-nitro- 
phenylosazone of glyoxal. The yield of the osazone could be in- 
creased by evaporation of the initial solution to a small volume 
before the precipitation; the evaporation was carried out under 
diminished pressure at 80°. After almost one-third of the water 
had been distilled, the solution was neutralized with sodium car- 
bonate, the precipitated cerous carbonate filtered off, and the 
evaporation continued, inorganic solids being removed from time 
to time. In this way the volume was diminished to almost 0.1 
of the original. The concentrated solution reduced Fehling’s 
solution in the cold; in the Hopkins-Cole test for glyoxylic acid 
a deep brown ring was formed which obscured the glyoxylie acid 
reaction if such were present. About 1 gm. of p-nitrophenyl- 
osazone per 0.05 mol of acetaldehyde was obtained from this con- 
centrated solution; this is a 10 per cent yield if the precipitate is 
assumed to be pure glycolic aldehyde osazone. The orange color 
and the fact that a portion of it was soluble in alcohol indicated 
that the p-nitrophenylhydrazone of glyoxylic acid was also present. 
Pure p-nitrophenylosazone of glycolic aldehyde was obtained 
by extraction with alcohol and recrystallization from pyridine; 
identification was made complete by a mixed melting point with 
a known specimen. Experiments in which the molecular ratio 
of ceric sulfate to aldehyde was 2:1 and 4:1 yielded the same 
amount of product. 


‘Oxidation of Lactic Acid. 


If a solution of lactic acid and a solution of 0.2 m ceric sulfate are 
slowly dropped into boiling 0.5 m sulfuric acid, the distillate con- 
tains acetaldehyde (identified by the formation of the p-nitro- 
phenylhydrazone). However, if the acetaldehyde is not removed 
immediately but allowed to react further with the ceric sulfate, the 
final products of the oxidation of lactic acid by ceric sulfate are 
glycolic aldehyde, glyoxylic acid, formic acid, and formaldehyde. 
Strangely enough the yield of formaldehyde is greater than when 
acetaldehyde itself is oxidized. 

A typical experiment was as follows: To 200 cc. of 0.24 m ceric 
sulfate (0.048 mol) in 0.5 m sulfuric acid at 80°, 35 cc. of 0.2 mM 
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lactic acid (0.007 mol) were added either at once or slowly. (In 
some experiments a solution of recrystallized zine lactate was 
employed without altering the results.) After 2 hours, the solu- 
tion was distilled (a slight excess of ceric sulfate was present) 
and the distillate examined in exactly the same manner as de- 
scribed in the experiments with acetaldehyde. The fuchsin and 
Tollen’s tests were very much stronger than in the experiments 
with acetaldehyde while the glyoxylic acid test was of about the 
same intensity; the iodoform test was negative. The p-nitro- 
phenylhydrazone of formaldehyde was obtained as a yellow solid 
by the addition of the reagent to the distillate. It was identified 
by a mixed melting point determination. The chief component 
of the distillate was identified as formic acid. 

The essentially non-volatile products of the oxidation of lactic 
acid by ceric sulfate are a mixture of glyoxylic acid and glycolic 
aldehyde as in the case of acetaldehyde. As a rule the yield of 
these products seems to be less; glyoxylic acid appears to be the 
sole product when a large excess of ceric sulfate is employed. 
Thus, if lactic acid is slowly added to boiling ceric sulfate in a 6:1 
molecular ratio, only half of the ceric sulfate is reduced since the 
major portion of the product is acetaldehyde which at once escapes. 
After concentration of the residual liquid, a yellow precipitate was 
formed with p-nitrophenylhydrazine which had the same appear- 
ance and solubility as the p-nitrophenylhydrazone of glyoxylic 
acid (a complete identification was not possible because of the un- 
satisfactory melting point of this compound); the Hopkins-Cole 
test was strongly positive. The absence of glycolic aldehyde was 
shown by the fact that the solution did not reduce Fehling’s solu- 
tion at room temperature and by the yellow color and solubility 
of the precipitate with p-nitrophenylhydrazine. It being assumed 
that the yellow precipitate was composed solely of the hydrazone 
of glyoxylic acid, the yield was about 3 per cent. 

The best yield of glycolic aldehyde from lactic acid was obtained 
by having only a 4:1 ratio of ceric sulfate to acid and allowing the 
reaction mixture to stand 15 to 30 minutes at 80° before distillation. 
The concentrated solution obtained under these conditions re- 
duced Fehling’s solution in the cold, gave a brown ring with no 
purple color in the Hopkins-Cole test, and yielded an orange pre- 
cipitate with p-nitrophenylhydrazine. The pure p-nitrophenyl- 
osazone was readily prepared from this precipitate by the pro- 
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cedure described above. It was identified by a mixed melting 
point determination. The yield was about 8 per cent. With a 
ratio of 6:1 of reagent to acid, the yield was only about 3 per cent 
and though the precipitate was orange the preponderance of gly- 
oxylic acid was shown by a strong Hopkins-Cole test and a nega- 
tive Fehling’s test in the cold. 

DISCUSSION. 

That the first step in the oxidation of acetaldehyde by ceric 
sulfate consists in the introduction of oxygen in the a position 
can hardly be doubted in view of the facts given above. The 
possibility of the process proceeding through acetic acid seems 
excluded by the fact that acetic acid, like formic acid, is not at- 
tacked by hot ceric sulfate. We cannot be certain that the inter- 


mediate product between acetaldehyde and formic acid is glycolic 
H 


aldehyde. Some unstable intermediates such as CH,-€ 


\7N 
O OH 


first be formed, but the formation of the p-nitrophenylosazone of 
glyoxal from the reaction mixture proves that some glycolic alde- 
hyde is present at the end. The formation of formic acid may 
proceed through glycolic acid but this substance on oxidation 
with ceric sulfate yields 1 mol of carbon dioxide for each mol of 
formic acid, whereas the ratio of formic acid to carbon dioxide 
with acetaldehyde is about 3:1. The most conservative method 
of formulating our results would seem to be as follows: 


may 


Further oxidation 
CH;CHO + [0] — [C:H,0.] ———-—._ 2H COOH + HO 


Intermediate 


unknown 
structure 


Rearrangement “ \_ \. 
"4 Me 
CH:0OH bay COOH + CO: + H:0 
| 


CHO ‘\s 
CHO COOH 
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Heimrod and Levene (3) found that the oxidation of acetalde- 
hyde by hydrogen peroxide in alkaline solution yielded formic 
acid. They assumed that the intermediates were vinyl alcohol, 
glycolic aldehyde, and glyoxal, and showed that the last two sub- 
stances yielded formic acid under the conditions of the experiment. 
Our identification of glycolic aldehyde and glyoxylic acid among 
the products of the oxidation of acetaldehyde might be taken as 
supporting evidence for their hypothesis although our reagent and 
conditions were very different from theirs. The enol form of acet- 
aldehyde may be involved in oxidations which occur in alkaline 
solution (Heimrod and Levene’s least alkaline conditions were 
with dilute ammonia), but it is much less probable that a reaction 
would take this course in 20.5 m sulfuric acid. Furthermore, the 
oxidation of vinyl alcohol directly to glycolic aldehyde by the 
oxidation of two hydroxyl groups to the ethylene linkage is very 
improbable since ceric sulfate does not attack the double carbon 
linkage. It differs markedly in this respect from the equally 
strong oxidizing agent, potassium permanganate, and from hydro- 
gen peroxide. For this reason we prefer to write an intermediate 
C:H,O2 of unknown structure. Considering the fact that the 
yield of glycolic aldehyde is about the same whether a 2:1 ora 4:1 
ratio of oxidizing agent is employed, it seems as if this aldehyde 
were produced by a side reaction. 

We must conclude that acetaldehyde is an intermediate in the 
main reaction between ceric sulfate and lactic acid since it escapes 
from the reaction mixture if the opportunity is provided. The 
further oxidation of acetaldehyde then yields the products noted 
in the scheme outlined in the preceding paragraph. This simple 
explanation is not entirely satisfactory, however, since it does not 
account for the fact that very definite amounts of formaldehyde 
are formed from lactic acid while with acetaldehyde the amount of 
this aldehyde in the oxidation products was too small to make its 
identification certain. Probably in addition to the main reaction 
which follows the course lactic acid — acetaldehyde, there is an- 
other side reaction in which lactic acid is oxidized to formalde- 
hyde. The other products of this side reaction may well be identi- 
cal with those formed from acetaldehyde. Another possibility is 
that the first oxidation product of acetaldehyde may react with 
lactic acid, one of the products of this interaction being formalde- 
hyde. 
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The results obtained with lactic acid and acetaldehyde suggest 
that perhaps the same mode of oxidation may occur in biological 
processes. One would expect that under certain circumstances 
the first product of the oxidation of acetaldehyde (7.e., glycolic 
aldehyde or the intermediate C:H,O.) might undergo reactions 
other than those we have found. In particular, one would expect 
polymerization to carbohydrates. The mechanism of the oxidation 
of lactic acid in the muscle and the resynthesis of glycogen might 
be imagined to take some such course as the following. 


3 CH;CHOH COOH + 3 0. — 3 [C:H,O.] + 3 CO. + 3 HLO 
Intermediate 
Polymerization 
Glycogen (CsH Os) + H.O 


The actual process in the muscle is specific for lactic acid (and 
pyruvic) and impossible of duplication with acetaldehyde or gly- 
colic aldehyde. This is not inconsistent with the suggested mecha- 
nism; such a situation appears to exist in regard to the production of 
formaldehyde by oxidation in vitro, as has been shown above. 
The ratio of oxygen to carbon dioxide given by the above equation 
is, of course, in accord with the facts. The portion of acid re- 
synthesized is two-thirds (0.66) according to the scheme outlined 
above, while Meyerhof (4) believes that under favorable circum- 
stances almost four-fifths (0.80) of the lactic acid may be resyn- 
thesized. If one were willing to postulate that a molecule of lactic 
acid or its isomer methyl glyoxal as well as the intermediate were 
involved in the polymerization, the following reaction involving 
the resynthesis of four-fifths of the acid might be written: 


3 C:H,0, + 2 C;H,0; => 2 C;H,,.0; be 2 H,O 


While this mechanism has the advantage of clearly explaining why 
the process is specific for lactic acid, it would involve the cleavage 
of 1 molecule of the compound C,H,O, into formaldehyde in order 
for the six carbon chain in glycogen to be synthesized. These 
mechanisms provide a direct chemical path by which the energy 
of the oxidation process might effect the resynthesis of the carbo- 
hydrate. Since it has been shown that the oxidation in vitro of 
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lactic acid yields such reactive substances as formaldehyde and 
glycolic aldehyde, it is very tempting to imagine that similar 
products are formed in the muscle where they would be just the 
compounds needed for the resynthesis of carbohydrates without 
further expenditure of energy. 


We are in indebted to Mr. W. F. Bruce for valuable assistance 
in performing some of the experiments reported in this paper. 
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ANTIRICKETIC SUBSTANCES. 
X. ON THE RELATION OF THE ISOERGOSTEROLS TO VITAMIN D. 
By WARREN M. COX, Jr., ann CHARLES E. BILLS. 


(From the Research Laboratory, Mead Johnson and Company, Evansville, 
Indiana.) 


(Received for publication, June 30, 1930.) 


In 1928, Bills, Honeywell, and Cox (1) offered evidence that the 
absorption band, \ 248 my, exhibited by some samples of irradi- 
ated ergosterol, is due to a degradation product of vitamin D. 
Attention was called to the striking similarity of this band and the 
absorption band of isoergosterol, indicating a similarity in molec- 
ular configuration of the two absorbing substances (cf. van Wijk 
and Reerink (2)). Several experiments during the past year have 
emphasized the closeness of this relationship. For instance, we 
have observed that when solutions of isoergosterol are irradiated, 
the band fades like the band of the degradation product. More- 
over, the rates of fading of the two are similar. And again, the 
fading of each is similarly accelerated by the presence of air in the 
quartz cell. 

Bills and McDonald have recently demonstrated (3) that the 
several isoergosterols which result from the action of acid catalysts 
on ergosterol are complex mixtures, only partially separable by 
many crystallizations. The components apparently possess in 
common the absorption band at 248 my, and, as ordinarily pre- 
pared, the mixtures exhibit a molecular extinction coefficient of 
about 16,000. We may therefore speak loosely of isoergosterol 
as a substance characterized by this band and extinction coefficient. 

In comparing the vitamin degradation product with isoergo- 
sterol, it is desirable to determine not only the position of the 
absorption maximum, but also its height. Since the degradation 
product has not yet been isolated, its extinction coefficient can be 
ascertained only indirectly. It occurred to us that if the two 
substances are identical or very similar, it should be possible to 
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duplicate the absorption curve of overirradiated ergosterol with 
a mixture of ergosterol and isoergosterol in suitable proportion. 
In Fig. 1, A we show the absorption curves of a typical ergosterol, 
[a}3s, = —157°, and of a typical isoergosterol, [aJ],, = —52° 
(HCI catalyst). The curves were made with a Hilger quartz 
spectrograph, sector photometer, and water-cooled discharge tube. 
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Fig. 1. Ultra-violet absorption of (A) ergosterol and isoergosterol, (B) 
mixtures of ergosterol and isoergosterol in comparison with vitamin de- 
gradation product. 


The tube contained hydrogen at 4 mm. of Hg pressure, and was 
operated by a 1 kilowatt, 25,000 volt transformer in parallel with 
a condenser of 0.009 microfarad capacity. Such a light source 
gives with pure, dry hydrogen a continuous ultra-violet spectrum 
particularly suitable for absorption spectroscopy. 

In Fig. 1, B we show the absorption curves of ergosterol- 
isoergosterol mixtures in the ratios of 20:80, 40:60, 60:40, and 
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80:20. In comparison with these is the dotted curve of a slightly 
overirradiated ergosterol. The latter preparation had been ex- 
posed in alcohol for 45 minutes to a water-jacketed mercury arc, 
under the conditions described in our previous paper (1). The 
peak of potency had come at 22.5 minutes, the solute being 250,000 
times as antiricketic as average cod liver oil. By 45 minutes the 
potency had declined to 140,000 x. The greatest activation that 
we have ever attained (under special conditions) was about 
1,000,000 x, but even this product was not pure vitamin D. 
Hence the absorption curve of the 45 minute irradiation product 
does not reflect any large error from the presence of vitamin D, 
provided, of course, that the vitamin itself does not exhibit an 
exceptionally powerful absorption. 

Parenthetically, it is to be noted that attempts to determine 
the absorption curve of vitamin D have not given concordant 
results. Bills, Honeywell, and Cox (1) concluded that: ‘The 
wave-lengths which vitamin D itself absorbs, and by which it is 
destroyed, apparently lie within the same spectral region as the 
wave-lengths which activate ergosterol.” Smakula (4) inter- 
preted a study of difference curves to indicate that vitamin D is 
characterized by two bands in this region, \ 293 and 262 mu. 
Bourdillon, Fischmann, Jenkins, and Webster (5) associated 
vitamin D with a single band of great intensity, \ 280 my. Reer- 
ink and van Wijk (6) calculated for vitamin D a single broad 
band, with a maximum near 268 my. Windaus has recently re- 
ported (7) that certain impure preparations of vitamin D show 
an absorption maximum at 270 my. Particularly significant is the 
work of Jendrassik and Keményffi (8), who have succeeded in pre- 
paring a highly potent activated ergosterol that showed almost no 
absorption. Our early work tends to support theirs, for in the 
parallel series of spectrographic and quantitative biologic measure- 
ments we found nothing but a diminution of absorption until the 
peak of potency was reached. Then the band at 270 mu broad- 
ened and began to shift, in response to the increasing amount of 
degradation products. If it be true that pure vitamin D is 
transparent, it follows that its disappearance upon prolonged 
irradiation is not directly photochemical. 

From the investigations cited above, it is known that during the 
irradiation of ergosterol, not merely one degradation product, 
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but a succession of them, is produced. Under the conditions of 
our experiment the substance, \ 248 muy, is one of the earliest. It is 
more stable than vitamin D, but eventually it is replaced by still 
other forms. That these later forms were not present to a note- 
worthy extent is shown by the following: The shortest period of 
irradiation sufficient to produce a spectrographically detectable 
amount of the early degradation product was 45 minutes. 3 
hours were required to produce it in maximum concentration. 
I-ven 15 hours did not destroy all evidence of absorption at 248 mu. 
It is a reasonable conclusion that the solution selected for compari- 
son with the known mixtures consisted mainly of ergosterol and 
the early degradation product of vitamin D. 

It is well known that with mixtures of substances having over- 
lapping absorption bands, determinations of the position and 
height of the bands are subject to error. For example, in the 
curve of ergosterol-isoergosterol 60:40, the isoergosterol has come 
under the influence of the shorter wave-lengths of the ergosterol 
absorption, and its absorption curve is abnormal laterally, al- 
though not much affected vertically. On the other hand, the 
principal ergosterol band is not affected by the comparatively 
distant isoergosterol absorption, and consequently its maximum 
lies as usual at 282 my, and its extinction coefficient is almost ex- 
actly 60 per cent of that of ergosterol. 

The dotted curve in Fig. 1, B is almost a duplicate of the curve 
of the 60:40 ergosterol-isoergosterol mixture. The absorption 
curve of the early degradation product is therefore the same, not 
only in position, but also in height, as that of isoergosterol, \ 248 
mu, € 16,000. 

Unfortunate for complete identification is the fact that the early 
degradation product, unlike the known isoergosterols, does not 
give a precipitate with digitonin. This may indicate merely that 
the digitonide, if formed, is soluble. Windaus and Auhagen (9) 
have shown that certain sterols do not precipitate with digitonin. 
On the other hand, this non-precipitability may be the result of a 
change in the alcohol group of the sterol—a group which is known 
to exert but little influence on sterol absorption bands, but which is 
concerned in the formation of complexes with digitonin. 

Our early degradation product is probably the “substance B” 
of Bourdillon, Fischmann, Jenkins, and Webster (5), although 
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these authors place its absorption maximum at 240 mp. Rosen- 
heim and Adam (10), on the basis of .spectrographic comparisons 
and monomolecular film measurements, are inclined to associate 
“substance B” and the vitamin with the sterol ketones. Our 
findings indicate equally well a relationship with the isoergo- 
sterols. 


SUMMARY. 


1. An alcoholic solution of ergosterol was exposed to the radia- 
tions of a quartz mercury lamp until the antiricketic potency that 
developed had begun to decline. In the solution there was found 
a substance, probably a degradation product of vitamin D, which 
exhibited an absorption spectrum characteristic of the isoergo- 
sterols, \ 248 my, ¢ 16,000. 

2. This substance is distinguished from the ordinary _iso- 
ergosterols by the fact that it, like vitamin D, does not form a 
precipitate with digitonin. 


BIBLIOGRAPHY. 


. Bills, C. E., Honeywell, E. M., and Cox, W. M., Jr., J. Biol. Chem., 80, 
557 (1928). 
. van Wijk, A., and Reerink, E. H., Nature, 122, 648 (1928). 
. Bills, C. E., and McDonald, F. G., J. Biol. Chem., 88, 337 (1930). 
. Smakula, A., Nachr. Ges. Wissensch. Goettingen, Math.-physik. Klasse, 
49 (1928). 
5. Bourdillon, R. B., Fischmann, C., Jenkins, R. G. C., and Webster, T. A., 
Proc. Roy. Soc. London, Series B, 104, 561 (1929). 
6. Reerink, E. H., and van Wijk, A., Biochem. J., 23, 1294 (1929). 
7. Windaus, A., Nachr. Ges. Wissensch. Goettingen, Math.-physik. Klasse, 
36 (1930). 
8. Jendrassik, A., and Keményffi, G., Biochem. Z., 216, 238 (1929). 
9. Windaus, A., and Auhagen, E., Ann. Chem., 472, 185 (1929). 
10. Rosenheim, O., and Adam, N. K., Proc. Roy. Soc. London, Series B, 105, 
422 (1929). 


— 


wm CO bo 














DIFF USIBLE NON-PROTEIN CONSTITUENTS OF BLOOD 
AND THEIR DISTRIBUTION BETWEEN PLASMA 
AND CORPUSCLES. 


By OTTO FOLIN anp ANDREA SVEDBERG. 
(From the Biochemical Laboratory of Harvard Medical School, Boston.) 
(Received for publication, July 24, 1930.) 


The transformation of the Folin-Wu method for the preparation 
of protein-free blood filtrates into a method giving protein-free 
extracts from unlaked blood (1) involves experimentally only the 
simplest sort of modification, but produces results of far reaching 
consequences. There will be necessarily a sharp break between 
the hospital records or the past published records of blood analyses 
based on aqueous extracts from laked whole blood and correspond- 
ing records obtained from unlaked blood. But the conclusion 
seems inescapable that for nearly every kind of metabolism study, 
it must be obscuring and misleading to include in the analyses of 
blood as a transportation system, an unknown mixture of residues 
obtained from the destroyed cellular elements which have no di- 
rect connection with the circulating waste products or food 
products. 

The disadvantage arising from a loss of continuity between past 
records and new ones made on unlaked blood should be partly 
compensated for by the fact that in the future there should be less 
need for revisions of methods. In the field of sugar determina- 
tions, for example, we now find that the Folin-Wu and Folin 
methods (1929 revisions) give practically identical values both 
with normal and with diabetic bloods. So far as can now be seen, 
the only copper method for blood sugar to be used hereafter in 
this laboratory will be the 1929 revision of the Folin-Wu method 
(2), because all our blood analyses will be based on unlaked blood.' 
The Folin method will become superfluous. 


1S. R, Benedict has privately pointed out to one of us that the copper 
reagent of the 1929 method does not have exactly the same composition as 
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Our primary object in beginning the work described in this 
paper was to supply analytical data on laked and unlaked blood 
in order to show just how the two extracts differ. But this com- 
parison soon became a side issue, because another comparison, 
namely that between unlaked blood and plasma, became so much 
more instructive. 

Distribution of Diffusible Products between Plasma and Cor- 
puscles——In the course of our comparative analyses of protein- 
free extracts from unlaked blood and plasma, it became apparent 
that the distribution of the diffusible products between plasma 
and corpuscles must be represented in the literature by decidedly 
erroneous figures, and that the true distribution, in fact, scarcely 
could be determined by the methods heretofore used for its investi- 
gation. 

1. Sugar.—The concensus of opinion has been that blood sugar 
in man tends to be equally distributed between plasma and cor- 
puscles. This conclusion has been so well supported by work 
from different laboratories that for the past 5 years or more it has 
searcely been questioned. But this conclusion is, nevertheless, 
wrong. The concentration of glucose in the corpuscles is very 
much lower than in the plasma, and this fact is one of the reasons 
why any good method will yield relatively low blood sugar values 
when applied to extracts from unlaked blood. That the blood 
sugar cannot be equally distributed between cells and plasma be- 
comes more or less self evident from the fact that nearly the whole 
of the non-fermentable material responsible for the residual re- 
duction of laked blood extracts is found in the corpuscles. The 
unequal distribution could have been demonstrated by direct total] 
reduction determinations by the use of the more selective copper 

reagents, such as the weakly alkaline reagent described by Folin, 
but it has just happened that no one has reinvestigated the dis- 
tribution problem since the more selective sugar methods were 
found. 

While this work was in progress, there appeared a paper by Ege 





in the original method, and that it might be more or less confusing or even 
misleading to refer to it as the Folin-Wu reagent. The 1929 method repre- 
sents the last of a series of revisions, and referring to it as the Folin-Wu 
method of 1929 would seem to supply a concise and historically accurate 
description. 
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and Roche (3), in which Ege modifies his earlier view about the 
distribution of the blood sugar between plasma and corpuscles. 
He now comes to the plausible conclusion that the distribution of 
the blood sugar should be equal in the water of the cells and plasma, 
and that actually, therefore, the concentration of the sugar in the 
cells should be about 80 per cent of the concentration found in the 
plasma, since the cells contain only about 0.8 times as much water 
as does the plasma. 

The Danish paper contains many analytical data on the distri- 
bution of the blood sugar, but there is seemingly no connection or 
correspondence between these analyses and Ege’s theoretical con- 
cept. The paper contains no comments on the discrepancy. One 
of the analytical methods used by Ege and Roche, namely the 
micro method of Fontés and Thivolle, has given values which in 
fact are quite impossible. In six out of eight blood samples ex- 
amined, the concentration of the fermentable sugar as found by 
this method is actually greater in the corpuscles than in the plasma. 
These bizarre results prove, of course, only that the Fontés- 
Thivolle sugar method is hopelessly unusable. The method is 
based on the indefensible assumption that only insoluble cuprous 
oxide furnishes a true measure of reduction due to sugar, thus 
quite ignoring the fact that blood filtrates contain materials which, 
like ammonia, are capable of preventing the precipitation of cu- 
prous oxide. 

When working as we now do with unlaked blood it is not neces- 
sary to make separate determinations of residual reduction in 
order to show that the blood sugar is not equally distributed be- 
tween plasma and corpuscles. Moreover, the distribution which 
we find does not reach the theoretically equal level of 80 to 100 
postulated by Ege. Some modifying factor must come into play 
whereby, in effect, equilibrium is established on the basis of a 
lower sugar concentration in the total water of the corpuscles than 
in the water of the plasma. The sugar actually within a corpuscle 
is not necessarily equally distributed through all the water present 
in such a cell. 

The paper by Ege and Roche contains one point of considerable 
interest tous. These authors show that the fermentable sugar can 
be easily washed out of the corpuscles while the non-fermentable 
reducing materials remain fixed in the cells. These findings con- 
firm our experience in the analyses of extracts from unlaked blood. 
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The unequal distribution of the blood sugar between plasma and 
corpuscles was found by us just by inspection of the sugar values 
which we obtained in our comparative analyses. Since the dis- 
tribution was not included in our original plan of study, the cor- 
puscle values were not determined in these early analyses. The 
data recorded in Table I represent the analyses of normal blood 
obtained from Ist year medical students (before breakfast). 


TABLE I. 
Showing Normal Fasting Blood Sugar in Laked Blood, Unlaked Blood, and 
Plasma (by the 1929 Folin-Wu Method). Average Ratio of Corpuscle 
Sugar to Plasma Sugar Is about 60 : 100. 





























Blood sugar, mg. per cent. 
Subject. Corpusele eve X 100. 
Laked Unlaked cee Plasma sugar 
IEE OT 86 72 86 61 
I Sah chai arc sect putsion ae 84 73 86 64 
0 eer ee 80 68 80 64 
Er er | 98 79 94 62 
OL Ener te cree ee 87 73 87 62 
Sn iainnc wwe mene iis 87 74 92 53 
NE i asledl us ciunnichae decades 88 74 93 51 
go he ow) a catenins 92 81 96 63 
SI wars ee 90 74 92 53 
Se 83 102 58 
RESTS | 93 75 91 58 
RE eee 81 99 58 
a arate ereratnntaceniog 83 100 60 
SS eee ere ee 84 99 64 
EE aa ne eee 89 106 58 
IR ode Su deinncacmnes 78 94 59 














From the figures recorded in Tabie I, it will be seen that the 
“sugar” in laked normal blood is from 11 to 17 mg. per cent higher 
than in unlaked blood and that the sugar as found in the unlaked 
blood is on the average 17 mg. per cent below that of the plasma. 
The volumes of the corpuscles were not determined for the bloods 
recorded in Table I, but on the basis of a corpuscle volume of 42 
per cent (Rowntree’s normal average) we arrive at figures for the 
corpuscle sugar concentration ranging from 51 per cent to 64 per 
cent of the simultaneous concentrations found in the plasma, the 
average ratio being about 60:100. 
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The glucose distribution in diabetic blood is not quite the same 
as in the blood of fasting normal persons. The relative concen- 
tration in the corpuscles is a little higher, and the average distri- 
bution ratio is 69:100 instead of 59:100 as found for the normal 
blood. The sustained pressure of abnormally high plasma sugar 
apparently overcomes to a certain extent the resistance of the cells, 
but cut of the twenty-seven diabetic bloods examined we did not 
find a single one where the concentration of the sugar in the water 
of the corpuscles reached the level found in plasma. The distri- 
bution ratios recorded in Table II are based on corpuscle volumes 
determined by the hematocrit method. These corpuscle volumes 
varied between 39.5 and 44 per cent. 


TABLE II. 
Illustrating the Distribution of Sugar in Diabetic Blood between Corpuscles 
and Plasma. Average Ratio Is 69: 100. 











; : Blood sugar, mg. per cent. Corpuscle sugar 
Subject No. “Plasma sugar X 100. 
Unlaked blood. Plasma. 

1 230 263 69 

2 213 240 73 

3 124 150 60 

4 370 425 68 

5 159 185 67 

6 124 147 64 

7 270 313 69 

8 159 178 76 

9 171 190 75 
10 164 187 69 














Reference has already been made to the fact found by Ege and 
Roche that the sugar can be easily removed from unlaked blood 
corpuscles by washing with salt solutions. It seemed to us worth 
while to make a few analogous experiments just in order to see how 
nearly the sugar values so obtained from the corpuscles would 
correspond to the values obtained by calculation from analyses 
of unlaked whole blood and plasma. In such experiments one 
would naturally expect the found corpuscle sugar to give some- 
what higher values than those obtained by calculation. From the 
figures of Table III it will be seen that the agreement is surprizingly 
good. 
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2. Urea.—From the standpoint of distribution between blood 
cells and plasma, each substance apparently tends to reach its own 
characteristic ratio. And, of all the common substances, urea is 


TABLE III. 
Showing That Corpuscle Sugar As Obtained by Complete Direct Extraction Is 
Nearly Identical with That Obtained by Calculation 
from the Sugar of Plasma and Unlaked Blood. 





Sugar, mg. per cent. 


























| 
Subject No. | Cet | Corpuscles. 
° Pleema. mm a 
i. | | Found. | Calculated. 
per cent | 
1 44 150 1244 | = 9% 91 
2 43 185 159 135 | 126 
3 44 147 124 103 | (96 
4 44 178 160 144 136 
5 41.5 192 171 149 142 
6 39 188 164 139 126 
7 50 87 73 64 63 
TABLE IV. 


Showing That Blood Urea Tends to Be Equally Distributed between the Water 
of Corpuscles and Plasma. 














Subject No. senscatinhanceninenan Cuaeneste geen x 100. 
Unlaked blood. | Plasma. : 
1 | 12.9 14.0 82 
2 12.3 12.9 88 
3 16.7 18.7 75 
4 11.7 12.3 89 
5 9.4 10.5 75 
6 13.3 14.5 81 
7 14.7 16.0 80 
8 12.5 14.0 75 
9 | 13.3 14.8 76 
10 | 13.3 14.9 75 











the one which naturally stands out as the most readily distributed 
not only between plasma and corpuscles but also between blood 
and tissues, as was shown by Folin and Denis (4), nearly 20 years 
ago. There is so little reason to question this point that we have 





~~ OHO oe rele 


a ee ee ae ae hme 


~~ _— 


90d 
wn 
Lis 


ser.lUlUMLDOOCOlUlCCUDElCUO 





O. Folin and A. Svedberg 721 


not considered it worth while to make any special experiments to 
prove it. In Table IV we give the data obtained in the course of 
the comprehensive analyses involving no repetitions, yet we see 
here that the average ratio must come very near to the proportion 
of 80:100 which, as pointed out by Ege, would signify equal con- 
centration in the water of the plasma and of the cells. In each 
case the corpuscle volume is assumed to be 42 per cent. 

8. Creatinine.—For creatinine as well as for urea Folin and Denis 
found a rapid and equal distribution between blood and tissues in 
the course of injection experiments with creatinine, and it there- 
fore seems probable that the distribution between corpuscles and 


TABLE V. 
Showing That Blood Creatinine Probably Tends to Be Equally Distributed 
between the Water of Corpuscles and Plasma. 














Creatinine, mg. per cent. ss 
Subject No — Fn ccna * 10 
Unlaked blood. Plasma. 

1 1.07 1.25 65 
2 1.17 1.18 98 
3 1.20 1.25 90 
4 1.08 1.18 80 
5 1.02 1.20 64 
6 1.09 1.20 77 
7 1.05 1.25 62 
8 1.07 1.20 75 
9 1.03 1.25 58 
10 1.11 1.25 74 














plasma should be very near to the point of equality represented 
by the ratio 80:100. But one can scarcely hope to secure analyt- 
ical values for the small amounts of preformed creatinine in blood 
which shall be so accurate as to exclude rather large variations. 
From the figures given in Table V it will be seen, however, that 
the ratios for the creatinine distribution come as close as could be 
expected to the ratio of equal distribution (80:100). 

Earlier studies of the creatinine distribution have given extremely 
erroneous results. Wu (5), for example, found nearly 6 times as 
much “total creatinine’’ in the corpuscles as in the plasma. These 
relatively huge errors are due to the fact that disintegrated blood 
corpuscles contain substances which react with the alkaline picrate 
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reagent, as they do with sugar reagents, and the effect is relatively 
even more disastrous, because the amount of true creatinine pres- 
ent is so small. The creatinine values obtained on whole blood, 
therefore, always have been larger than the values obtained on 
plasma, whereas they should be smaller. Here we have, there- 
fore, another striking illustration of the fact that the universally 
used filtrates obtained from laked blood have always given more 
or less misleading results. (Another equally striking illustration 
will be found in the case of the amino acids.) 

The creatinine figures in Table V show incidentally that the 
creatinine content of normal (student) blood is just a little over 
1 mg. per cent. 

4. Uric Acid—Folin, Berglund, and Derick (6) found, in the 
course of a great many analyses, that the distribution to tissues of 
injected uric acid must be very small indeed. And we now find a 
more or less similar situation with reference to the distribution of 
uric acid normally present in blood between corpuscles and plasma. 
Reasonably dependable studies of the distribution of uric acid 
have now become possible, whereas all earlier studies could give 
only erroneous results. In Wu’s analyses the uric acid concen- 
tration in the corpuscles varies between 40 and 67 per cent of that 
found in plasma. According to our analyses, the true normal 
ratio seems to be about 22:100. 

Moreover, our analyses indicate that the distribution ratio for 
uric acid is remarkably constant and that when marked deviations 
are found these are probably due to analytical errors. Compara- 
tively small errors in the analytical figures may lead to relatively 
huge changes in the distribution ratio. For example, if the true 
uric acid in unlaked blood and plasma is respectively 2.7 and 4.0 
mg. per cent and the corpuscle volume 42 per cent, we obtain a 
distribution ratio of 23:100. But if the found uric acid values are 
2.9 and 3.8 mg. per cent the distribution ratio would jump to 
45:100, and if the two analytical errors (of 0.2 mg. per cent) were 
in opposite direction, the distribution ratio would become 3.6: 100. 

The first six bloods recorded in Table VI had been subjected to 
complete analyses without any duplicate uric acid determinations, 
and before we had given a thought to the question of how the uric 
acid is distributed between corpuscles and plasma. Four other 
blood analyses, made under the same conditions, gave us, however, 
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one low distribution ratio of 12:100 and one high one of 38:100. 
If these four analyses were included, we would get an average 
distribution ratio of 25:100 for uric acid. But such an average 
figure has little or no value if it must include ratios of 12:100 and 
38:100. Being convinced that these extreme ratios were due to 
avoidable analytical inaccuracies we have replaced these analyses 
by new ones on bloods from the same persons and have thus ob- 
tained the last four sets of figures recorded in Table VI. 

There can be little doubt about the fact that the distribution of 
urie acid between corpuscles and plasma is normally subject to 
only slight variations. 


TABLE VI. 
Illustrating the Uric Acid Content of Normal Fasting Student Blood and the 
Distribution of Uric Acid between Corpuscles and Plasma. 

















| Blood urie acid, mg. 
Subject. | ar xm 

Ls | Plasma. 
CNN co carnxs vated sneer 2.9 4.3 22 
SE es ak Cay awinas wha 2.7 4.0 23 
eee 2.8 4.1 24 
rere reer 2.7 4.0 23 
OO ee 3.2 4.8 21 
ia a. whem Giekie abo 2.3 3.4 23 
| REE eee er 3.2 3.3 21 
I 555 cin eonuexe sans 2.7 4.0 22 
RA eres eae 2.3 3.5 22 
0 SE eer err 2.4 3.5 23 











Incidentally, it may be pointed out that the study of distribu- 
tion ratios for substances present in small amounts in the blood 
constitutes an extremely severe test of the dependability of the 
analytical method employed. 

5. Amino Acids.—All earlier analyses have yielded higher 
amino acid values for whole blood than for plasma, and according 
to these results the concentration in the corpuscles should be very 
much greater than in the plasma. Folin and Denis, as well as 
Van Slyke likewise found higher concentrations in tissues than in 
blood after the administration of amino acids. A very high dis- 
tribution ratio for this nitrogen seemed, therefore, not unreason- 
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able. The analytical determination of this nitrogen is necessarily 
a little less definite than others because it represents a whole large 
group of different individual compounds; for this same reason the 
distribution ratio might also be subject to unusually large varia- 
tions. The significance of the analytical figures recorded in Table 
VII is, however, unmistakable. The diffusible amino acid nitro- 
gen is much more abundant in the plasma than in the intact cor- 
puscles and previously published results have been quite mislead- 
ing. The preliminary laking of blood evidently exposes an 
abundance of reacting groups which may have no free existence 


TABLE VII. 
Showing That Diffusible Amino Acid Nitrogen Is Much More Abundant in 
Plasma Than in Corpuscles. 











Amino acid N, mg. per cent. Amino acid N. 
Subject. Corpuscles 
Lm | Plasma. — cme. 

I cn ci chondcccuende<ead 5.6 7.1 50 
Se hia kind-acsuae wawaamascdar 5.0 7.8 14 
ee ee ae 5.1 7.6 22 
I oh rain he wlaiathancne Smad 5.3 7.4 32 
oa ine x. giane workesetien 5.0 7.5 21 
CE cc ckicvrenaheamavied 5.4 8.0 22 
Ee eee ae 5.6 7.3 50 
Hamilton 5.9 8.2 33 














in the living cells and which probably have nothing to do with 
blood as a transportation system. 

Amount and Composition of the Non-Protein Nitrogen in Unlaked 
Blood.—The analytical figures published in the first paper on the 
preparation of unlaked blood extracts show that the total non- 
protein nitrogen is normally about 10 mg. per cent lower than the 
nitrogen obtained from laked blood filtrates. It seemed practi- 
cally certain that nearly the whole of this large difference would be 
found to be represented by the obscure undetermined nitrogen or 
rest nitrogen, but it was necessary to show by comprehensive anal- 
yses to what extent this is actually the case. From the analytical 
figures given in this section it will be seen that the undetermined 
nitrogen has disappeared when we work with unlaked blood ex- 
tracts. The sum of the nitrogen from the urea, uric acid, creati- 
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nine, and amino acids adds up to practically 100 per cent of the 
total nitrogen. 

With respect to the absence of undetermined nitrogen our un- 
laked blood extracts are just like plasma extracts which, according 
to our analyses, as well as the earlier analyses of Wu, are also sub- 
stantially free from unknown nitrogenous materials. 

The absence of the indeterminate nitrogen derived from disin- 
tegrated blood cells leaves so little rest nitrogen in the case cf 
normal human blood that it falls within the limits of unavoidable 
analytical errors. But this condition does not necessarily obtain 
in bloods of other animals or in abnormal human blood. In 
nephritic bloods with accumulating nitrogen retentions there must 
inevitably also accumulate appreciable quantities of nitrogenous 
products which would be covered by the term undetermined 
nitrogen. And it is quite possible that in other pathological con- 
ditions one might also be able to find some undetermined nitrogen. 

Comprehensive analyses of unlaked blood, plasma, and laked 
blood were made on nineteen students, in ten of whom the bloods 
were taken before breakfast and in nine about 2} hours after 
breakfast. The tables representing all of these analyses will be 
kept on file for some possible future use, but at present it would 
seem sufficient to give the data in the form of one condensed table. 

From the figures given in Table VIII it would appear that for 
nitrogen determinations it makes practically no difference whether 
the blood is taken before, or 2} hours after, breakfast. The 
amino acid nitrogen and the uric acid tend to be somewhat higher 
in the bloods taken after breakfast while for the urea the tendency 
seems to be in the opposite direction. But the differences are so 
small that for clinical purposes, at least, it should make no percep- 
tible difference whether the blood is taken before or after breakfast. 

The figures of Table VIII serve to illustrate the limits of varia- 
tion for the different nitrogenous products in unlaked blood fil- 
trates from the blood of strictly normal young adults. It may be 
noted that for unlaked blood the non-protein nitrogen varies be- 
tween 13.8 and 20.8 mg. per cent, whereas for the laked blood the 
variation lies between 25.6 and 42.0 mg. per cent. For unlaked 
blood, the urea nitrogen represents about 68 per cent of the total 
nitrogen, whereas for laked blood it represents only about 40 per 
cent. 


THE JOURNAL OF BIOLOGICAL CHEMISTRY, VOL. LXXXVIII, NO. 3 











726 Non-Protein Constituents of Blood 


Since the non-protein nitrogen of laked blood is not only much 
larger, but also more variable than the nitrogen from unlaked 
blood, it seems fairly certain that the latter should supply a better 
basis for the diagnosis of beginning abnormal nitrogen retention. 


TABLE VIII. 
Giving a Highly Condensed Summary of the Composition of 57 Blood Filtrates 
Obtained from Nineteen Normal Persons (Students). 
All figures are expressed as mg. per cent. 


Urea Uric 
N. 





Amino Creati- 
nine. 


acid N. 


Total 
acid. N. | Rest H. 

















Before breakfast. 





























Unlaked Highest. 14.2 5.6} 3.2 1.20 | 20.8 
blood. Lowest. 9.4 4.2| 2.2 1.03 | 13.8 
Average. 12.6 5.0} 2.6 1.09} 18.5 | (—) 0.4 
Plasma. Highest. 16.0 7.9| 4.8 1.25 | 25.0 
Lowest. 10.5 6.7| 3.3 1.18 | 19.1 
Average. 13.8 7.5} 3.9 1.22 | 22.6] (—) 0.5 
Laked Highest. 14.5] 10.2/ 3.3 1.45 | 35.3 
blood. Lowest. 9.8 7.8] 2.2 1.20 | 25.6 
Average. 13.0 8.7| 2.5 1.38 | 30.7 7.6 
24 hrs. after breakfast 
Unlaked Highest. 13.3 5.9} 3.5 1. 20.2 
blood. Lowest. 7.7 3.9} 2.5 0.91 | 14.6 
Average. 11.5 5.1} 3.0 0.98 | 18.0 0 
Plasma. Highest. 16.5 9.7) 5.5 1.33 | 28.3 
Lowest. 10.7 7.0| 3.7 1.07 | 20.2 
Average. 13.3 8.7| 4.5 1.18 | 24.2 0.2 
Laked Highest. 14.2} 10.4] 3.7 1.41 | 42.0 
blood. Lowest. 8.0 8.3 | 2.4 18 | 26.4 
Average. 11.8 9.5 | 3.0 1.28 | 30.8 8.0 


























This is an important and alluring, but also an elusive topic. It 
is doubtless quite true that normal kidneys possess much surplus 
capacity for the excretion of waste products, but this does not 
necessarily mean that the kidneys are also very responsive to 
moderate increases in the concentration of such a circulating waste 
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product as urea. We have satisfied ourselves by special experi- 
ments that such is not the case. We have raised the level of the 
urea nitrogen 5 to 10 mg. per cent by the administration of small 
amounts of urea, and under these conditions have found that these 
higher levels remain practically unchanged for several hours. It 
therefore seems probable that up to 31 or 32 mg. per cent of non- 
protein nitrogen in unlaked blood might occur without signifying 
abnormal nitrogen retention. On the other hand, in normal 
persons such high levels of non-protein nitrogen with not less than 
22 mg. per cent of urea nitrogen, should occur only on the basis of 
unusually heavy protein consumption. 


TABLE IX. 
Giving a Comparison of Unlaked and Laked Blood in Cases of Mild 
or Moderate Retention. 











Unlaked blood. Laked blood. 
Subject No. 
Non-protein N. Urea N. Non-protein N. Urea N. 
mg. per cent mg. per cent mg. per cent mg. per cent 

1 30.0 20.0 41.0 20.4 
2 29.6 21.0 38.7 21.6 
3 36.0 23.0 44.0 25.0 
4 36.4 25.0 44.0 25.3 
5 41.0 31.8 52.0 30.8 
6 69.0 53.0 77.0 56.0 
7 71.0 56.0 80.0 62.0 

















In many, perhaps in most cases, the finding of even 25 mg. per 
cent of non-protein nitrogen might readily be due to beginning 
abnormal retention. 

In Table IX are given a few analyses of bloods obtained from 
patients at the Peter Bent Brigham Hospital. Though few in 
number, these analyses become rather instructive when compared 
with the normal values recorded in Table VIII. In cases of quite 
unmistakable nitrogen retentions, as shown by Subjects 5, 6, and 
7, it obviously makes practically no difference whether laked or 
unlaked blood is used for the analyses. When the non-protein 
nitrogen has risen to 40 or over in unlaked biood or to 50 and up- 
wards in laked blood the existence of nitrogen retention is, of course, 
established. But in the first four subjects, the non-protein nitro- 
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gen in the laked blood has not risen above 44 mg. per cent, and 
this is only 2 mg. per cent above the highest normal figure recorded 
in Table VIII. In all of these four cases one, therefore, would be 
rather uncertain, although the accompanying high urea nitrogen 
values certainly indicate abnormal nitrogen retention. The same 
bloods when analyzed without previous laking, give clearly a much 
more positive indication of nitrogen retention when comparison 
is made on the basis of the non-protein nitrogen. As against the 
highest normal value in Table VIII of 20.8 mg. per cent, the four 
hospital bloods have yielded 30, 29.6, 36, and 36.4 mg. per cent. 

These figures are cited merely to show that unlaked blood cannot 
fail to be more useful than laked blood in clinical applications of 
blood analysis. 
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A paper was published last August by Stadie' describing an 
electron tube potentiometer, and Stadie’s potentiometer was 
tried out in Cambridge. It did not prove very satisfactory owing 
to difficulty of adjustment and to drift. The potentiometer de- 
scribed in this paper has been developed by a step by step evolu- 
tion from Stadie’s. The result is a less complicated potentiometer 
and the elimination of drift. The present potentiometer can be 
used with sufficient accuracy when the resistance of the glass elec- 
trode is as high as 100,000 megohms. 

This development depended upon two very useful characteris- 
tics of the screen grid tube. The first is that if the screen grid 
voltage is sufficiently low, about 4 volts, the plate current can be 
carried directly through a sensitive galvanometer with good con- 
trol of galvanometer deflection by adjustment of the control grid 
voltage (see Fig. 1, curves A, B,C, andD). This eliminates the 
complication of balancing off the plate current when one is using a 
galvanometer. 

The other characteristic is that, under the same conditions as 
above, the control grid can be entirely disconnected and the gal- 
vanometer deflection can then be controlled by adjustment of the 
screen grid voltage (see Fig. 1, curve £). 

If these two characteristics are considered in combination, it is 
evident that we may perform the following operation. With the 
control grid open we can adjust the screen grid voltage and bring 


1 Stadie, W. C., J. Biol. Chem., 83, 477 (1929). 
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the galvanometer deflection to any convenient value. Call this 
convenient deflection A. Now without changing the adjustment 
of the screen grid we can close the control grid circuit and, by 
adjustment of the control grid voltage, we can again bring the 


Screen grid voltage (for curve Z only) 


Plate current, microamperes 
Galvanometer deflection, em. 





Control grid voltage (for curves A, B, C, and D) 


Fig. 1. Characteristic curves of screen grid tube UX222. Plate voltage, 
90; filament voltage 2. Curve A taken with screen grid at + 4.16 volts, 
curve B at + 4 volts, curve C at + 3.8 volts, curve D at + 3.4 volts; curve £ 
taken with control grid open-circuited. 


galvanometer to deflection A. When this has been done the con- 
trol grid may be opened and closed without change of galvanometer 
deflection, and the tube may be considered as balanced with re- 
spect to the control grid voltage. 

To appreciate fully the significance of this, we should under- 
stand the rather complex action going on inside of a working tube. 
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Without going into too much detail it will be sufficient to state 
that due both to the electron stream flow and to the surface leak- 
ages, internal and external, a disconnected grid in ‘a tube tends 
to assume some potential depending upon its position in the tube. 
If a connection is made from that grid to an external voltage so 
that the potential of the grid is in any way changed, current will 
flow through that connection and will continue to flow as long as 
the new grid potential is maintained. Conversely, if a connection 
to an external voltage can be made without change of grid poten- 
tial no current will flow through the connection. A change of 
grid potential is indicated by a change of plate current and it fol- 
lows that if we can adjust the two grid potentials of a screen grid 
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tube so that the plate current does not change when the control 
grid circuit is opened and closed, no current will flow in the closed 
control grid circuit. It also follows that for every other adjust- 
ment of the control grid voltage, current will flow in the control 
grid circuit. 

The drift found when Stadie’s potentiometer was used was 
undoubtedly due to flow of current in the grid circuit, as Stadie 
could not comply with the conditions of balance as stated above. 
As the glass electrode was in the control grid circuit, and the cur- 
rent flow passed through the glass, it naturally affected the voltage 
of the glass electrode. 

Stadie realized that at a certain grid voltage the condition of 
balance occurred, but he did not have the point of balance under 
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Fic. 2. Simplified wiring diagram. 








732 Glass Electrodes 


control and he found that with high resistance in the grid circuit 
his potentiometer was insensitive when at the point of balance. 
That the potentiometer described in this paper is not insensitive 
at the point of balance, when used with high resistance in the 
control grid circuit, may be linked with the fact that the electron 
flow in the tube is about 1o'v0 that used in Stadie’s potentiometer. 

Reducing the plate current from milliamperes to microamperes 
not only reduces the grid current for unbalanced grid, but it also 
improves the stability of the tube and eliminates much of the de- 
lay of waiting for the tube to become stable. 

The simplest circuit utilizing this principle of tube balance is 
given in Fig. 2. Note that this arrangement involves three ordi- 
nary resistance type potentiometers, A, B,and C, but of these only 
A is calibrated; B and C are quite simple. To use the apparatus, 
switch S is first set in the mid-position, so that the control grid 
circuit is open, and the deflection of the galvanometer is adjusted 
by potentiometer C, to some convenient deflection, A. Switch 
S is next thrown down and potentiometer B is adjusted to return 
the deflection to A. Then switch S is thrown up and potentiom- 
eter A is adjusted to return the deflection to A. The voltage of 
potentiometer A is then equal and opposite in direction to the 
voltage of the unknown. 

In this circuit the tube, the glass electrode X, and switch S 
must be enclosed in a metal-lined and grounded box. 

Actual wiring diagrams of the apparatus are given in Figs. 3 and 
4. A, B,andC are again the three resistance potentiometers, now 
shown in detail. In Fig. 3 potentiometer A is a Leeds and Nor- 
thrup student potentiometer (No. 7651) and in Fig. 4 is a Leeds 
and Northrup type K potentiometer. 

Switch Z shifts the galvanometer from the plate circuit of the 
tube to potentiometer A for adjusting A. Switch D closes before 
switch EZ opens, so that the plate current is not interrupted. 
Switches D and E are mechanically interconnected. 

Potentiometer B was made from three General Radio Company 
standard radio potentiometers connected as shown. The 1800 
ohm unit (type 371) gives rough adjustment, the 400 ohm unit 
(type 214) rather fine adjustment, and the 5 ohm unit (type 371) 
gives very fine adjustment. An extra contact arm was fitted on 
the 400 ohm unit to give the two contacts as shown close to each 
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other; these are insulated from each other but are moved together 
by a single knob. The 5 ohm unit is connected between these 
two contact arms. 

Potentiometer C is a single 5000 ohm (type 371) General Radio 
Company potentiometer. 

Switch G is a reversing switch for potentiometer A. 

The 90 volt battery is radio type and should be well insulated 


from ground. 
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Fia. 4. Wiring diagram with a Leeds and Northrup type K_ potentio- 
meter. 


Much depends upon the design of switch S. The form shown in 
Fig. 5 has proved satisfactory. 

The galvanometer used was Leeds and Northrup type R (No. 
2500e), sensitivity 0.003 microamperes permm. The metal lining 
of the box should be well soldered and grounded. It does not 
seem possible to obtain satisfactory shielding with a window in the 
box even though the window is covered with copper netting sol- 
dered on all edges and well grounded. 

Dry cells may be used, but for potentiometer A and the tube 
it is best to use large, new storage cells. 

Fig. 6 is a photograph of the metai-lined box. The knob of 
switch S is to the right of the door. Potentiometers B and C and 
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switches D, £, and G are in a sub-base compartment. The binding 
posts are on a panel of this compartment at the back of the box and 
the battery snap switches are on the box top. On one side of the 
box is an electric hair dryer mounted to draw air from the top of the 





Fic. 6. Photograph of cabinet. 


box and deliver it into the sub-base. From the sub-base the air 
passes up through holes into the metal-lined compartment and 
these holes are inclined at an angle to give the air in the box a 
rotary motion. The heater in the hair dryer is connected through 
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a mercury vacuum tube switch which is controlled by a thermostat 
Thus the temperature of the box is under control. 

On either side of the box just inside of the door are two vertical 
Pyrex tubes which carry the ring brackets for the calomel half-cells. 
These brackets can be easily slid up and down and turned, but stay 
in any desired position. Their construction is shown in Fig. 7. 
The tubes also can be moved up and down by knurled nuts on top 
of the box so that the final connection with the glass electrode can 
be made with micrometer accuracy. The long Pyrex tubes give 
the high insulation that is necessary. 

The calomel half-cells, one of which is shown in Fig. 7, can be 
turned and tilted in the rubber-covered rings to bring the tips to 
any desired position. The stop-cocks are greased only at the edges. 
The glass cap tips are as described by Kerridge.2. These caps 
should be removed, washed in KCl from the bulb, replaced, washed 
in distilled water, and dried with filter paper before each pH deter- 
mination. 

The sensitivity of the potentiometer under different conditions 
of resistance can be calculated from the curves of Fig. 8. Sensi- 
tivity may be expressed as the slope of these curves at the point 
where the curves cross and this may be expressed as the change 
of the potentiometer voltage for a given change of galvanometer 
deflection. The galvanometer can be balanced within approxi- 
mately 0.2 mm. deflection (0.0006 microamperes in the galvan- 
ometer used) and for this error in deflection from the correct bal- 
ance the errors of voltage reading are as follows: 








| Change ie =r 

Resistance in control eter voltage for 0.2 Corresponding pH ses 

ape ewe mm. deflection of Sensitivity. 
grid circuit. galvanometer from error. 
correct balance. 

megohms volt mm. per volt 

0 0.00018 0.003 1100 

10,000 0.00023 0.004 870 

100 ,000 0.00058 0.01 345 














These high resistances were made of soft glass tubes containing 
mercury and standing in mercury. The 100,000 megohm unit 


? Kerridge, J. Sc. Instruments, 3, No. 12 (1926). 
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may be as much as 50 per cent off in resistance, as the total galvan- 
ometer deflection when measuring its resistance was only an esti- 
mated 0.3 mm. The 10,000 megohm resistance is more nearly 
correct but still only approximate. It was adjusted to a galvan- 
ometer deflection of 3 mm. 

The value of the control grid current for any unbalanced ad- 
justment can also be estimated by means of these curves. For 
any galvanometer deflection let V be the control grid voltage as 
read from curve A and let v be the control grid voltage as read from 
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V-—pr 
10,000,000,000 
amperes. The sensitivity figures indicate that if the control grid 
adjustment is within 0.2 mm. of the balance, the grid current will 
be approximately 5 X 10~'° amperes. 

As the control grid voltage is made more negative, the grid 
current increases to a maximum value of about 3 X 10~° amperes 
and then decreases. This decrease is due to the falling off of the 
electron flowinthetube. The indications from shape of the curves 
are that a still more sensitive galvanometer would not increase 
the sensitivity but would further reduce grid current when un- 
balanced. 


curve B. Then the control grid current will be 
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Checks of sensitivity were made, with a type K potentiometer 
for potentiometer A, by measuring the voltage of a standard 
cell through the 100,000 megohm resistance. The voltage of the 
standard cell was actually 1.01846. This was measured with the 
resistance in series once as 1.01866 volts and again as 1.01805. 


0 


Unbalance of galvanometer from null setting, em. 





Unbalance of voltage by potentiometer A 
Fia. 8. Sensitivity curves. Curve 4d, no resistance in control grid cir- 
cuit; curve B, 10,000 megohms resistance; curve C, 100,000 megohms re- 
sistance. 


These readings were complicated by the fact that the glass itself 
had a slowly changing voltage. 
Typical readings of a 500 megohm glass electrode voltage are as 
follows: 0.14979, 0.14989, 0.14989, 0.14975, 0.14986, 0.14986 volt. 
As stated above the tube is remarkably stable, due to the small 
plate current. To illustrate this a test was made, with a glass 
electrode, to see how long it took before reliable readings could be 
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obtained after switching on the tube and potentiometers. The 
first reading was made 23 minutes after the start and the subse- 
quent readings at about the same time interval; the results are as 
follows: 0.17551, 0.17602, 0.17601, 0.17607 volt. The reading 
after 2} minutes was 0.0005 volt low, corresponding to an error of 
0.008 pH. 

Following this test the time taken to change the tube and reach 
stability with a new tube was tested. The first reading, taken 
23 minutes from the time of starting to change tubes, was 0.17554 
volt. 23 minutes later a reading of 0.17604 volt was obtained, 
indicating that stability had been already reached. 

Glass electrodes usually (or always) show some voltage or charge 
in addition to that accounted for by the pH differences of the 
liquids of the cell. It is, therefore, impossible to determine pH 
difference directly by one reading of voltage. Consequently, we 
must use a method of substitution. Thus if A, B, and C are three 
liquids and if the pH of B is known (pHg), we may make a voltage 
reading with A and Bin the glass electrode cell and then with A and 
C. Call these two readings V., and Vac. 

The pH of liquid C will be 


V,, + V 
ab ac — 
pH, = pH, + 0.039 for 25°. 


Note that English screen grid tubes are not very suitable 
for this potentiometer because in England the control grid is 
brought to a prong instead of to the top of the tube where the in- 
sulation resistance is highest. Undoubtedly this potentiometer 
is suitable for other uses besides that of pH measurement. It 
should prove useful in measuring voltage whenever an ordinary 
potentiometer is insensitive due to high resistance in the circuit to 
be measured or when it is prohibitive to draw appreciable current 
when balancing. 

Although the statement is made above that the potentiometer is 
capable of measuring a glass electrode voltage when the resistance 
is as high as 100,000 megohms, this does not imply that it is ad- 
visable to use such electrodes. 
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SUMMARY. 


A potentiometer is described in which a single screen grid vac- 
uum tube is used. Plate current is so reduced, by lowering the 
screen grid voltage, that it can be carried directly through a sensi- 
tive galvanometer. The tube is first balanced by proper adjust- 
ments of the grid voltages until a working condition of zero con- 
trol grid current is obtained, and then the cell of unknown voltage 
and astandard potentiometer are included in the control grid circuit. 
When the balance of the tube is reestablished, the voltage of the 
unknown may be read directly by the standard potentiometer. 

This potentiometer is sufficiently sensitive when used with re- 
sistances as high as 100,000 megohms for accurate pH determina- 
tion. The potentiometer when adjusted to a reasonable accuracy 
takes less than 5 X 10-" amperes from the glass electrode and this 
low current causes no drift of glass electrode voltage. Stable 
conditions of the tube occur in less than 5 minutes from switching 
on the batteries. 
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THE DETERMINATION OF PEPTIC ACTIVITY: AN EXAM- 
INATION AND APPLICATION OF THE GATES METHOD 
OF PROTEOLYTIC ENZYME TITRATION. 


By ALFRED GILMAN anp GEORGE R. COWGILL. 


(From the Laboratory of Physiological Chemistry, Yale University, New 
Haven.) 


(Received for publication, June 20, 1930.) 


Despite the numerous methods for the determination of pro- 
teolytic enzymes, there are few, if any, which incorporate all 
the advantages of accuracy, simplicity, and brevity, and which 
require only a small sample for a determination. In 1927 Gates 
(1) published a preliminary report of a proteolytic enzyme titra- 
tion possessing these desirable features, and demonstrated his 
method at the 1928 meeting of the American Societies for Experi- 
mental Biology held at Ann Arbor. This method has been exten- 
sively investigated in this laboratory and found to be most valuable 
for rapid and accurate determination of peptic activity. The 
principles of the method as outlined by Gates have been retained. 
However, the authors have to some extent modified the manipula- 
tive details, and have supplemented the outline of the procedure 
as presented in the preliminary report to include an accurate means 
of quantitative estimation of peptic activity. 


Principle of Method. 


The Gates method involves the digestion of the gelatin layer 
of a photographic film. The surface of a film is composed of a 
uniform layer of gelatin in which silver is evenly dispersed. Upon 
reduction of the film by exposure and subsequent development of 
the film, an almost opaque substrate results. Digestion of the 
gelatin liberates reduced silver with a progressive change from 
opacity to transparency, depending in degree upon the extent of 
the digestion. Proteolytic activity is determined by an estimation 
of the difference in the intensity of the light penetrating the film 
before and after digestion. 

743 
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Procedure. 


Preparation of Films.—The choice of films is optional. Of the 
two types tested, Eastman’s commercial and commercial-ortho, 
the latter was found to be the more sensitive for the estimation of 
peptic activity. A film 8 inches by 10 inches is a convenient size 
to use. To insure complete and uniform reduction, the films are 
exposed to Roentgen rays, 25,000 volts, 10 milliamperes, at a 
target range of 24 inches for a period of 2 minutes. A pile of six 
films can be exposed at the same time. The films are then de- 
veloped and fixed in plain sodium hyposulfite, no hardener being 
used. As the opacity of the film will depend upon the time that 
the film is allowed to remain in the developer, it is well to standard- 
ize this procedure. The opacity of the film depends entirely 
upon the extent of the reduction of the silver. The amount of 
gelatin on the films is not influenced by exposure or development. 
Therefore a dark film will favor more accurate results, inasmuch as 
the greater the opacity, the greater will be the change in penetra- 
bility of light through the film per unit of gelatin digested. On 
the other hand, if the films are allowed to become too dark it will 
be impossible to measure the slight amount of light penetrating. 
Films developed until the red light in the developing room is not 
discernible through them give optimal results. Rewashing of 
the developed films with distilled water and again drying before 
use is advantageous in order to “‘set”’ the film so that subsequent 
wettings are without effect After development the large films are 
cut into smaller units, ? inch by 1 inch, to be used for digestive 
tests. 

Digestion of Films.—The films are digested in cells, made by 
mounting rings of No. 14 copper wire, } inch in diameter, upon 
glass squares 1 inch by 1 inch by means of paraffin. This forms a 
small chamber, the capacity of which is approximately 0.5 ce. 
The cell is so filled with the solution under examination that the 
meniscus of the fluid projects above the copper ring. The film 
to be digested is now placed on top of this cell, the gelatin layer 
downward and in intimate contact with the enzyme solution. 
Inasmuch as the film forms the roof of the digestion chamber, the 
silver, when liberated, will fall to the bottom, thus not interfering 
with the course of the reaction. Another glass square is placed 
over this film, and the digestion cell, now complete, is firmly held 
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together with an ordinary spring clothes-pin, and is immersed in a 
constant temperature water bath for a carefully timed interval. 
This digestion cell, when carefully constructed, will be abSolutely 
water-tight, allowing no dilution of the enzyme solution when 
placed in a water bath. A carefully controlled temperature is 
most important because the temperature coefficient of the reaction 
is extremely high. A water bath, constant to 0.02° has been found 
to be the most satisfactory means of temperature regulation. At 
the conclusion of the digestion the films are carefully washed free 
of enzyme by immersion in the water bath and dried in a current 
of air. 

Temperature and pH Regulation.—lIf the digestion were allowed 
to proceed at optimal temperature, the minute amount of gelatin 
present on the film would be completely removed in a few minutes. 
To prolong the time of digestion and reduce the error in timing, 
the films are digested at 25°. At this temperature the gelatin 
remains hard and firm and at the completion of the reaction 
presents a smooth, even appearance. Even at this low tempera- 
ture the films would be completely digested in the 10 minutes by 
the concentration of pepsin normally found in gastric juice. 
This offers an opportunity for the dilution of the specimen to be 
determined with a buffer solution, thus bringing all the samples 
analyzed to the same pH and reducing still more the amount 
necessary for a single determination. In a series of peptic diges- 
tions carried out at acidities ranging from pH 1 to 4, a pH of 2 was 
found to be most favorable. Sgrensen’s glycine-NaCl-HCl buffer 
solution (2) is the choice at this high acidity. 

Measurement of Light Penetrability—To measure the light 
penetrating before and after digestion, a Klett or other Duboseq 
type of colorimeter is used. The films are read against a gelatin- 
silver suspension prepared by dissolving the gelatin layer from two 
films in about 2 ec. of hot water, filtering through filter paper to 
remove any large heavy particles, and suspending this black silver 
emulsion in sufficient glycerol to fill the cup of the colorimeter. 
The viscous properties of the glycerol will prevent any settling of 
the silver within the course of several hours. Below the cup of the 
colorimeter containing this gelatin-silver suspension is placed one 
of the films from which the gelatin and silver have been removed. 
The other cup contains grycerol to which has been added the same 
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proportional amount of water as that present in the gelatin-silver 
suspension just described; below it is placed the film that is being 
measured. Very accurate determinations of the light coming 
through the unknown film can be made by regulating the depth of 
the suspension on the opposite side of the colorimeter until the 
light intensities match. The films are carried between two thin 
layers of sheet brass, lacquered flat black in order to avoid internal 
reflection, and having a hole of } inch diameter centrally bored to 
allow exposure of the digested area of the film. The film carriers 
are clamped to the rack of the colorimeter by means of a simple 
paper clip in such a way as to allow the exposed portion of the film 
to be directly under the cup. 

The films are read before and after digestion and the difference 
in the reading is a measurement of the proteolytic activity of the 
solution used in their digestion. It will be found that despite 
careful exposure and development the films will vary in their 
initial readings. To exclude any variable, it is best when making 
a series of determinations, to pick a group of films having the same 
initial reading. 

Sensitivity.—An indication of the sensitivity of this method can 
best be demonstrated by a typical digestion curve showing the 
variation in films acted upon by different concentrations of a 
commercial enzyme solution. Fig. 1 shows the course of a repre- 
sentative digestion, the concentration of enzyme being variable 
and the time constant. 

As can be seen from Fig. 1, this method is sensitive to but slight 
changes in concentration and can be used for the quantitative 
estimation of extremely dilute solutions of pepsin. The curve in 
Fig. 1, because of its logarithmic character, suggests that the 
underlying reaction is monomolecular in character. A plot of 
the reading difference against the logarithm of the enzyme concen- 
tration (Fig. 2) supports this view. 

in view of the facts that (a) the temperature of the reaction is 
low, and the time of reaction short, thus minimizing enzymatic 
decomposition, (b) the amount of substrate is so small that except 
in very extreme dilutions there is a relatively large predominance 
of enzyme and therefore less inhibition due to the end-products of 
the reaction, and (c) due to the flat nature of the substrate the 
reaction surface is at all times practically constant, one would 
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expect according to Northrop (3) an approximation to this mono- 
molecular reaction. 

Determination and Calculation of Unknown Solutions.—The 
results obtained when films are digested with varying dilutions of a 
pepsin solution of undetermined proteolytic activity, although 
accurate, are merely comparative. As has been stated, films will 
vary in their initial readings. Also the silver suspension, by 
means of which the light intensity is measured, will vary with the 
films. It is impossible, therefore, directly to measure an unknown 
solution and express the results in absolute units because the 








Difference Between Readings 
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Fic. 1. Change in opacity of films due to peptic digestion. The differ- 
ences on the abscisse are expressed in mm. 


standard for comparison is not constant. An unknown peptic 
activity can only be determined by comparing it with solutions of 
known digestive power run under the same conditions of test. 
In this way accurate determinations of proteolytic activity of the 
unknown solutions can be made and directly compared with 
that of a known standard. Varying dilutions of Armour’s com- 
mercial pepsin 1:10,000 are used as a standard. All solutions 
are adjusted to the same pH by dilution with a buffer solution and 
are run in a manner similar to those illustrated in Fig. 1, the con- 
centration of enzyme being the variable. At the same time, with 
films of the same initial reading, and with the same silver suspen- 
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sion to measure all the films, digestions of the unknown samples 
arerun. The digestien curve is plotted from the values obtained 
from the known solutions. The values of the unknown solutions 
are then interpolated from this curve and are expressed as per cent 
of the known solutions. 

As illustration, the determinations of two samples of gastric 
juice, secreted in response to a toast and tea test meal are shown. 
These samples vary appreciably in peptic activity. Six dilutions of 
Armour’s commercial pepsin 1:10,000 ranging from a 1.0 to 0.03 





a T Tr T 
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Fig. 2. Change in opacity of films due to peptic digestion. The differ- 
ences on the abscisse are expressed in mm. 


per cent serve as the standards. The digestion curve obtained 
from the readings of these standards is shown in Fig. 3, where 
enzyme concentrations are plotted on the logarithmic scale of 
semilogarithmic paper. The concentrations of the unknown 
samples may thus be read directly. 

As can be seen from Fig. 3, a 50 per cent dilution of unknown 
Sample 1 was equal in strength to a 0.26 per cent solution of 
standard 1:10,000 pepsin. Thus the concentration of enzyme in 
the undiluted sample is equivalent to the concentration of enzyme 
in a 0.52 per cent solution of 1:10,000 pepsin. Expressing the 
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pepsin value of a 1.0 per cent solution of 1: 10,000 pepsin optionally 
as 1,000 units, then we can express the concentration of the un- 
known as 520 units. 

In a similar manner a 50 per cent dilution of Sample 2 is equiva- 
lent in proteolytic activity to a 0.116 per cent 1:10,000 pepsin 


t+ +++ 
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' Per Cent Concentration of Enzyme 
Fia. 3. Change in opacity of films due to peptic digestion. 


‘ 


solution. The undiluted sample is equal in strength to a 0.232 
per cent solution, and the concentration of pepsin is 232 units. 
Thus proteolytic activity is expressed in very comprehensive 
terms; namely, as a definite concentration of an accurate and 
easily reproduced standard enzyme solution. 
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Preparation of Standard Solutions —The standard solution of 
1.0 per cent strength is made at frequent intervals, 0.25 gm. of 
dry commercial pepsin being dissolved in 25 ec. of a buffer solution 
and thus brought to the optimal pH. Other dilutions are made 
from this 1 per cent solution. Inasmuch as only 1 ce. of the 
standard solution is necessary to make an entire series of varying 
dilutions, this 25 ec. will serve as a standard for about a month, 
during which time there is no demonstrable loss of activity if kept 
in the cold. It is estimated that a 4 ounce bottle of commercial 
pepsin will furnish material for a referable standard for many years. 
Armour’s commercial pepsin has been found over a period of 2 
years to lose not over 10 per cent of its digestive power (4). All 
determinations over a long period of time can thus be made re- 
ferable to the same standard and accurate comparative values 
obtained. 


DISCUSSION, 


All measurements of proteolytic activity involve either (1) an 
estimation by chemical or physical means of the amount of sub- 
strate digested per unit time or (2) a measurement of the time 
required to digest a unit of substrate. In either case, however, 
the accuracy of the method is dependent upon the accuracy with 
which one can measure the amount of protein that disappears or 
the unaffected residue. In the case of the method here developed 
for the quantitative estimation of peptic activity, the amount of 
substrate digested is so slight that, if the extent of hydrolysis were 
to be measured by any of the common chemical methods, it would 
be inappreciable. Yet with the digestion of this minute amount of 
substrate there is a change from opacity to transparency, permit- 
ting a wide range of differential readings. This extreme sensitivity 
in measuring proteolysis makes Gates’ method valuable in the 
quantitative estimation of extremely dilute enzyme solutions, 
and also in the qualitative demonstration of the slightest pro- 
teolytice activity. Thus proteolytic activity, that might normally 
escape detection by methods in common use, can be accurately 
measured. 

The time-saving element of the method is another of its valuable 
and important features. Cells can easily be assembled and placed 
in the water bath at 1 minute intervals. A 50 per cent dilution of 
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normal gastric juice will give the optimal amount of digestion in 10 
minutes. Thus thirty films can be digested in the course of 1 hour. 
By running triplicate checks, ten unknowns can be determined in 
1 hour’s time plus the time required to run the six standards and 
for the reading of the films. 

The time that the films should be allowed to digest varies with 
thesamples. The digestions should proceed until the films are from 
25 to 50 per cent digested. This allows greatest accuracy in the 
reading of the films and at the same time gives resul‘s that fall 
on the steepest portion of the digestion curve illustrated by Fig. 1. 
However the digestion periods should be at least 10 minutes in 
length so that no appreciable error due to variation in timing 
results. Therefore, in the determination of solutions having a 
strong proteolytic activity, these solutions should be diluted until 
the digestion is optimal in 10 minutes. This can be ascertained in 
a preliminary digestion series in which the concentration of the 
unknown is the variable. In this preliminary trial, after a little 
experience one can easily estimate without the accuracy of instru- 
ment reading the dilutions at which to run the digestions. In the 
determination of a more dilute sample the digestion period is 
proportionally lengthened. At the same time a more dilute series 
of standards is used. With experience one learns just what dilu- 
tion of standards to run with various digestion periods so as to 
run the gamut from opacity to transparency of the standard films 
and thus plot an accurate standard digestion curve. 

Lastly, this method has the feature of requiring only a very 
minute volume of sample for a determination. The capacity of 
the digestion chamber is 0.5 cc. All samples are diluted at least 
to half strength so that the maximum volume required for dupli- 
cate determinations is 0.5 ce. of the original solution to be tested. 
In the case of more concentrated enzyme solutions, the required 
amount is less, inasmuch as the dilution of the sample must be 
greater. This is of great value in fractional analysis of gastric 
samples where a greater portion of the sample is used for the 
determination of other constituents. 

Although all references in this paper are to the procedure for 
the determination of peptic activity, the method is equally applica- 
ble to the determination of proteolytic enzymes acting in alkaline 
medium. The only essential change that must be made concerns 
the buffer solution employed for dilution of the samples. 
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SUMMARY. 


1. A technique for the quantitative estimation of gastric 
proteolytic activity based upon the Gates method is presented. 

2. The accuracy, advantages, and applications of this technique 
are discussed. 


The authors wish to express to Dr. Frederick L. Gates their 
appreciation of his thoughtful criticisms of the manuscript of this 
paper; they also appreciate his generosity in consenting to publica- 
tion of it before supplementing his preliminary paper by a more 
extended report of his own work. 
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INTRODUCTION, 


The necessity of using enzymatic hydrolysis of the nucleic acids 
for the study of their structure has long been realized and earlier 
work towards this end led to the discovery of enzymes! capable of 
splitting nucleic acid to nucleotides, to nucleosides, or to phospho- 
sugars. In recent years? these enzymes have been the object of 
considerable attention, particularly those classed as nucleotidases 
(phosphatases) which bring about the cleavage of phosphoric 
acid from the molecules. This paper deals with this latter type 
of enzymes which occur in the intestinal secretions. 

Nucleotidases are widely distributed in the animal body. How- 
ever, they are accompanied by other enzymes of which the nucle- 
osidases are the most disturbing inasmuch as such preparations 
carry the hydrolysis beyond the phase of nucleosides. Fortunately, 
the intestinal secretion is free of nucleosidases. By virtue of this 


1 Levene, P. A., and Medigreceanu, F., J. Biol. Chem., 9, 65, 375, 389 
(1911). 

2 See for example: Levene, P. A., Yamagawa, M., and Weber, I., J. Biol. 
Chem., 60, 693 (1924). Levene, P. A., and Weber, I., J. Biol. Chem., 60, 707, 
717 (1924). von Euler, H., and Brunius, E., Ark. Kemi Mineral. Geol., 9, 1 
(1927); Ber. chem. Ges., 60, 1584 (1927). Martland, M., and Robison, R., 
Biochem. J., 21, 665 (1927); 28, 237 (1929). Deutsch, W., Z. physiol. Chem., 
171, 266 (1927). Erdtmann, H., Z. physiol. Chem., 172, 182 (1927); 177, 
211, 231 (1928). Akasawa, J. Biochem., Japan, 10, 157 (1928). Levene, P. 
A., and London, E. S., J. Biol. Chem., 81, 711 (1929); 83, 793 (1929). Hom- 
merberg, C., Z. physiol. Chem., 185, 123 (1929). Deutsch, W., and Résler, 
K., Z. physiol. Chem., 185, 146 (1929). Deutsch, W., and Laser, R., Z. 
physiol. Chem., 186, 1 (1929). Tannhauser, S. J., and Angermann, M., Z. 
physiol. Chem., 186, 13 (1929). 
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property, intestinal juice was used successfully for the preparation 
of nucleosides of the thymus nucleic acid.* 

Thus a nucleotidase free of nucleosidase can be prepared; not 
however, a nucleosidase free of nucleotidase, and such an enzyme 
is needed for the preparation of ribophosphoric and of desoxyribo- 
phosphoric acids. 

With a view of accomplishing the separation of the two enzymes 
a systematic study of the properties of nucleotidase was under- 
taken. The present paper deals with the question of the specificity 
of intestinal nucleotidase. In order to study this specificity, a 
comparative study was made of the action of the enzyme on a 
series of phosphoric esters as follows: 


1. Glycerol phosphate (used as a standard for enzyme activity). 
2. Phospho-sugars. 

(a) Hexosemonophosphate from a-diacetonefructose. 

(b) a “  B-diacetonefructose. 

(c) Neuberg monophosphate. 

(d) Hexosediphosphate. 


(e) ' methylglucoside. 
(f) Hexosemonophosphate from monoacetoneglucose. 
(g) “ “ diacetoneglucose. 


3. Nucleotides. 

(a) Adenilie acid. 

(b) Inosinic “ 

(c) Uridine phosphoric acid. 
4. Nucleic acids. 

(a) Yeast nucleic acid. 

(b) Thymus nucleic acid. 


The substrate concentrations were in general 0.161 molal in order to 
permit the isolation of the products of hydrolysis if desired. How- 
ever, in the case of thymus nucleic acid this condition was a handi- 
cap inasmuch as the substrate or some hydrolytic product inhibits 
the reaction considerably at this concentration. 

The hydrolyses were carried out at a pH of 8.6 to 8.7, this value 
being slightly below the optimum pH of 9.0 to 9.2. Since the 
dissociation constants of phosphoric acid, glycerol phosphate, and 
hexosephosphates are nearly the same‘ there was no change in pH 


3 Levene, P. A., and London, E. S., J. Biol. Chem., 81, 711 (1929); 83, 793 


(1929). 
4 Meyerhoff, O., Naturwissenschaften, 14, 1277 (1926). 
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on hydrolysis® and hence for these substrates no buffers were 
necessary. Likewise, none was required for the nucleotides, but 
for the nucleic acids suitable buffers, namely diethylbarbiturate, 
borate, and acetate, were used. 

The initial rates of hydrolysis of all of the substances studied 
are given in Table I. For purposes of comparison, the rates in 
this table were calculated to correspond to an arbitrary enzyme 
concentration of 2 activity units® per cc. of substrate solution. 

















TABLE I. 
Comparative Rates of Hydrolysis. 
Sample | 2 eA Relative 
No. | Substance. P per ce. rate. 
per hr. 
1 | Ne ee 2.20 1.00 
2b | Hexosemonophosphate from -diacetonefruc- 
SE RRR EONS 2.20 1.00 
2e | Hexosediphosphate methylglucoside...........| 2.00 0.91 
ae tI 5.0 in nk nake bean cu eaeaueien 1.96 0.89 
2f | Hexosemonophosphate from monoacetoneglu- 
ON os ere en dam CRS CR RAR AES 1.94 0.88 
2e¢ | Neuberg monophosphate..................... 1.90 | 0.86 
2g | Hexosemonophosphate from diacetoneglucose . 1 54 0.69 
2a ” “  a-diacetonefruc- 
Ae Piece, ete ceo aera Nee 1.40 0.64 
3c | Uridine phosphoric acid...................... 1.78 0.81 
ee OR RR ere re err re 1.30 0.59 
SO ee eed k wanindanvenebatnencaws ; 0.80 0.36 
a Fe II IE has vnc ceacecbashasensevenss 0.15 0.07 
4b | Thymus “ ag 0.10 0.05 





The hydrolyses were nearly complete in 6 to 12 hours except in 
the ease of the nucleic acids. Complete hydrolysis of the latter 


5 When 0.016 molal glycerol phosphate (i.e., 0.1 the usual concentrations) 
was used, a slight increase in pH was observed (@ 0.2 to 0.3 pH) which is in 
agreement with the results published recently by Hommerberg. (Hommer- 
berg, C., Z. physiol. Chem., 185, 123 (1929)). This author used exceedingly 
dilute solutions of glycerol phosphate (0.001 to 0.007 molal) and he found 
that the pH increased by nearly 1.0 unit during hydrolysis. The increase, 
however, cannot be due to the reason ascribed to it by this author, namely 
to the liberation of free phosphoric acid, for the reason indicated above. 

6 For definition, see p. 758. 
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compounds could not be accomplished even by adding additional 
portions of enzyme. It is interesting to note that the nucleotides 
hydrolyze nearly as rapidly as the sugar esters but that the nucleic 
acids hydrolyze much more slowly. Uridine phosphoric acid is 
more rapidly split than adenilic acid and this latter in turn more 
readily than inosinie acid. This order is different from that in 
the case of hydrolysis with acid, where adenilic acid is split more 
rapidly than either uridine phosphoric acid and inosinic acid (the 
rates of the last two being nearly the same). It is also seen that 
with regard to the intestinal enzyme, thymus nucleic acid is some- 
what more resistant than yeast nucleic acid. The rates of hydrol- 
ysis of hexosediphosphate and hexosediphosphate methylglucoside 
are exactly the same. No reducing sugars could be detected in 
the hydrolysates of hexosediphosphate methylglucoside or of the 
nucleotides, as was expected because of the absence of nucleosi- 
dases’ in the enzyme preparations used. 

Instead of using the intestinal juice directly as in a previous 
work® the enzyme precipitated from its solutions with acetone was 
used. Different samples thus obtained hydrolyzed a standard gly- 
cerol phosphate solution at approximately the same rate. In addi- 
tion, these samples showed a constant parallelism in their capacity 
for hydrolyzing both nucleotides and thymus nucleic acid. How- 
ever, one sample showed an exceptional behavior. This sample had 
an activity towards glycerol phosphate slightly higher than the 
average and likewise hydrolyzed adenilic acid with the same high 
rate but hydrolyzed nucleic acid to phosphoric acid and to nucleo- 
sides very slowly, the initial rate being only one-tenth of the usual 
value. After 24 hours the extent of the hydrolysis was 17 per 
cent instead of 60 per cent. This sample had a distinctly green 
color instead of the customary yellow one, thus indicating the 
presence of bile products to which possibly the peculiar behavior 
of this sample may be attributed. It is equally conceivable that 
only slight hydrolysis occurred because of the absence of nuclein- 
ase, an enzyme converting polynucleotides into the component 
mononucleotides. If the latter explanation is correct, it may be 
assumed further that degradation of nucleic acids to nucleotides 
must precede the dephosphorylation, that is, the phosphatase is 


7 Levene, P. A., and Medigreceanu, F., J. Biol. Chem., 9, 375 (1911). 








P. A. Levene and R. T. Dillon 757 


capable of dephosphorylating nucleotides only, and not nucleic 
acids. This suggestion has already been made. Indeed, it was 
found that thymus nucleic acid was split more rapidly to nucleo- 
tides with the normal enzyme than with the abnormal sample. 

On this assumption it is unnecessary to postulate the existence 
of more than one phosphatase. 

The addition of magnesium ion in order to remove the inhibi- 
tion by the phosphate ion liberated in the hydrolysis of thymus 
nucleic acid gave results that were not as satisfactory as those 
carried out in the absence of magnesium ion. It may be that 
the inhibition by the magnesium ion and the ammonium acetate 
outweighs the advantage gained by the removal of the phosphate. 
The hydrolysis curve, as will be noted, is quite unlike the usual 
curves but the per cent hydrolysis finally reached the normal 
value. 


EXPERIMENTAL. 


A. Standard of Phosphatase Activity.—As a basis for the assay 
of the enzyme activity of the samples the hydrolysis of a stand- 
ard sodium glycerol phosphate solution was used. This substrate 
is very convenient for this purpose since the hydrolysis may be 
readily followed directly on the hydrolysate. 

This glycerol phosphatase activity is probably a true measure 
of the general phosphatase activity of the samples, since the capac- 
ity of the enzyme for hydrolyzing the different types of organic 
phosphates (such as the phospho-sugars and nucleotides, but 
with the exception of the nucleic acids) seems to be proportional 
to their capacity for hydrolyzing glycerol phosphate. 

The glycerol phosphate standard solution was prepared by 
dissolving crystalline sodium glycerol phosphate (Eastman Kodak 
Company) in distilled water, the solution being made 0.322 molal 
on the basis of the phosphorus in the crystalline material. The 
solution was brought to a pH of 8.6, was protected with toluene, 
and was kept in the cold. The procedure in the assay was as fol- 
lows: to 10.0 mg. of enzyme were added 2.5 cc. of water and, after 
thorough shaking, 2.5 cc. of this standard glycerol phosphate 
solution. The solution was placed in a thermostat at 30°, and 
phosphate ion determinations were made at convenient time inter- 
vals according to the method indicated later for the phospho- 
sugars. 
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It was found convenient to adopt as a unit of activity the 
amount of enzyme capable of liberating from the glycerol phos- 
phate substrate, 1.0 mg. of phosphorus (as phosphate ion) in the 
course of the Ist hour of the hydrolysis. This amount of phos- 
phorus corresponds to a hydrolysis of 20 per cent since a 0.161 molal 
solution contains 5.0 mg. of phosphorus per ce. The activity 
coefficients are then given by dividing this initial rate by the 
weight of solid enzyme expressed in mg. per ce. 


— 


Phosphorus liberated (mg. per cc.) 








Hiro 1 


Fig. 1. Effect of glycerol phosphate concentration. Enzyme concen- 
tration = 1.0 mg. perce. The glycerol phosphate concentration was for 
Curve 1, 0.322 m; Curve 2, 0.161 m; Curve 3, 0.080 m. 


Within a limited range of concentrations the initial rates of 
hydrolysis are independent of the substrate concentration (Fig. 1) 
but are proportional to the enzyme concentration (Fig. 2). 

B. The Enzyme.—The intestinal secretions of dogs collected 
from an intestinal fistula were the source of the crude enzyme 
material used. These solutions varied considerably as to amount, 
activity, and opacity. The solutions as obtained had a pH of 7.0 
and were usually light yellow in color, though in some cases were 
distinetly green due perhaps to bile products. The solutions were 
filtered through cheese-cloth, centrifuged, and then poured into 10 
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volumes of acetone. The precipitate was quickly centrifuged, 
washed once with acetone, twice with anhydrous ether, and put 
into a vacuum desiccator to dry over phosphorus pentoxide and 
paraffin. The amount of precipitate obtainable in this way ranged 
from 5 to 10 mg. per ce. of solution but could be practically doubled 
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Fig. 2. Effect of enzyme concentration. Glycerol phosphate concen- 
tration = 0.161 M. 


Enzyme concentration. Initial rate of hydrolysis. 
Curve 1, 2.0 mg. per ce. 1.40 mg. P per cc. per hr. 
“ 2 1.0 “cc “ce “ 0.69 cc “cc ce lS “ce iad 
“ 3. 0.5 ““ “cE 0.35 “ ‘ck “csi 

, Os t 


by not centifuging so quickly after the precipitation. The mate- 
rial obtained by more complete precipitation was not so satisfactory 
since it was not as stable nor as active as that obtained by more 
rapid work. The crude dry enzymes thus obtained were fluffy 
powders and possessed the characteristic color of the solution from 
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which they were precipitated except in a few cases where light 
yellow solutions yielded almost white samples. They were in 
general very stable and usually had activity coefficients between 
0.6 and 0.8, though occasionally samples as high as 1.0 and as low 
as 0.5 were obtained. The dry enzyme samples had an inorganic 
phosphate content equivalent to about 3 per cent of phosphorus, 
there evidently being no organic phosphates present since no liber- 
ation of phosphorus was observed when they were allowed to stand 
in solution. It may be mentioned here that the original enzyme 
solutions when kept at 0° and protected with a smal! amount of 
toluene, also maintained their glycerol phosphatase activity un- 
changed foraslongasamonth. However, the character, amount, 


TABLE II. 
Enzyme Activities. 





Activity! Total 


coeffi- | activity 
ateriz an t= cient recov- 
Material. Activity units. tania lend ant 
per ec. of 
mg.). | solution. 
Original enzyme solution; dry weight, 
23.7 mg. per cc......... 1.45 per ce. | 0.061 |(1.45) - 


Acetone-precipitated enzyme 
(a) Usual method of precipitation. 
Yield 5.84 mg. per ce.. ee per 2 mg. | 0.98 | 5.72 
(b) Maximum precipitation. Yield | | 
BES ME, DOP BGs onc ocns ce sevcce ce) CO pee tae. 16. 135.5 





and activity of the precipitate prepared from solutions which 
were allowed to stand for some time, did not appear to be as satis- 
factory as those prepared from fresh enzyme solutions. 

By the simple acetone precipitation considerable purification 
of the enzyme was obtained, the activity coefficient increasing 
about 15-fold. Thisisshownin Table II. It also shows the effect 
of the method of purification adopted as compared to that of more 
complete precipitation. Thus, by approximately doubling the 
amount of precipitate the activity coefficient was halved, hence 
the total activity recovered was not increased. The fact that 
there was a greater activity in the precipitates than was apparently 
present in the original solution is probably due to inhibiting sub- 
stances contained in the latter. 
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C. Methods. Hydrolyses and Analyses—The solutions of 
sodium salts of the phosphate substrates were prepared differently 
according to the form in which the material was available. The 
origin of these samples will be indicated under the separate hy- 
drolysis experiments. In the case of sodium salts, they were dis- 
solved directly in distilled water to the correct volume and adjusted 
to the desired pH. In the case of the free phosphoric acid esters 
they were dissolved in dilute alkali to the correct volume and pH. 
In the case of the barium salts they were added to water, the cal- 
culated quantity of sodium carbonate solution was added slowly 
with stirring, the solutions centrifuged, and the filtrates used 
after testing for the absence of barium with a trace of sulfate, and 
bringing them to the correct pH. The concentrations were usu- 
ally such that on complete hydrolysis there would be liberated 
5.0 mg. of phosphorus per ee. of hydrolysate, that is 0.161 molal 
(diphosphates, 0.080 molal). Values differing from 5.0 mg. per ce. 
are indicated in the legends of the figures. Such values are placed 
in parentheses following the name of the substrate. In the case 
of thymus nucleic acid it was found better to use one-third of this 
concentration, though solutions containing up to 6 per cent of this 
nucleic acid were sometimes used. 

The enzyme concentrations were 2 mg. per cc. of substrate 
except in the case of the nucleic acids where higher and variable 
amounts (from 9 to 15 mg. per ce.) were used. Weighed amounts 
of enzyme were added directly to definite volumes of the sub- 
strates. 

The hydrolyses were carried out in a thermostat maintained at 
30°. The samples were in all cases protected from bacterial infee- 
tion by a small amount of toluene, a substance found to have no 
effect on the hydrolysis rates. Both chloroform and sodium arse- 
nate showed an inhibition. In some cases octyl alcohol was found 
useful as an antifroth in preparing the substrate solutions. It was 
interesting to find that it had a slight enhancing effect on the 
enzyme. This was indicated by the fact that the hydrolysis of 
glycerol phosphate in the presence of a few drops of this material 
was slightly more rapid than in its absence. The substrates were 
hydrolyzed at a pH of 8.6 to 8.7 and in most cases they maintained 
this value throughout the complete hydrolysis by virtue of their 
own buffering capacity at this pH. For the exception to this, 
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the nucleic acids, buffers of diethylbarbiturate, borate, and acetate 
were used.* The buffer solutions were used in the hydrolyses 
in the ratio of 1 ce. of buffer to 2 cc. of the nucleic acid substrate 
solution. The buffering capacity even under these conditions 
was not quite sufficient to prevent completely a change in the pH 
during the hydrolysis; small amounts of alkali were added oceasion- 
ally, in order to maintain the pH within the range of 8.3 to 8.7. 

The rate measurements were made by determining colorimetric- 
ally the free phosphate ion concentration. The method of Kutt- 
ner and Cohen® was used. Nearly all of the experiments were 
made in duplicate. Initial determinations of the phosphate were 
always made and this value which was quite variable, though 
small, was corrected for in the curves which are given. Suitable 
samples were removed at convenient time intervals from the 
hydrolysates and treated differently according to the type of sub- 
strate. For the phospho-sugars, 0.5 cc. of the hydrolysate was 
pipetted into 4.5 cc. of 1 per cent trichloroacetic acid which was 
then filtered with the aid of a small amount of kieselguhr through 
an ordinary filter. This solution was diluted so as to be approxi- 
mately equivalent to the standard containing 0.025 mg. of phos- 
phorus per ce. 1 ce. samples were then compared with the stan- 
dard. In the case of the nucleotides and the nucleic acids the 
procedure was necessarily modified since the determinations could 
not be made directly on the trichloroacetic acid filtrates. The 
nucleotides did not precipitate with the trichloroacetic acid and 
interfered in the colorimetric method. The nucleic acid filtrates 
could not be clarified nor could the nucleic acid be completely 
precipitated. This later caused interference. For the nucleotides 
0.5 ec. samples of the hydrolysates were added to 2 ce. of water and 
1 cc. of magnesia mixture.’® To this, a drop of dilute ammonia was 


8 The veronal buffer of pH 8.6 was made according to the directions of 
Michaelis (Michaelis, L., J. Biol. Chem., 87, 33 (1930)). The borate buffer 
was the standard Clark and Lubs’ (Clark, W. M., The determination of 
hydrogen ions, Baltimore (1928)) boric acid-potassium chloride-sodium 
hydroxide buffer of pH 8.6. The acetate buffer was prepared by dissolving 
38.5 gm. (0.5 mol) of ammonium acetate in 13.5 cc. of 5 N ammonium hydrox- 
ide and diluting to 500 ce. 

® Kuttner, T., and Cohen, H. R., J. Biol. Chem., 76, 517 (1927). 

101 liter of the magnesia mixture used contained 75 gm. of magnesium 
chloride (6 mols of water) and 100 gm. of ammonium chloride. 
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immediately added and the solution stirred thoroughly. The mag- 
nesium ammonium phosphate precipitated in this way was always 
crystalline. A minute later 1 cc. of concentrated ammonium hy- 
droxide (sp. gr. 0.90) was added. Because the enzymatic hydroly- 
sis continued with an appreciable rate even in these strong am- 
monia solutions the precipitates were allowed to stand only 10 to 
15 minutes, after which time they were filtered through a micro 
filter and washed with 2 ec. of 2 per cent ammonium hydroxide. 
The precipitates were redissolved in 10 cc. of 0.5 N HCl, made up 
to 25 cc., diluted if necessary, and determined as usual. Actually, 
under the conditions employed the precipitation of the phosphate 
is essentially complete even in this short interval of time. 

In the nucleic acid experiments prior to precipitating the phos- 
phate the unchanged nucleic acid was removed. This was accom- 
plished by pipetting 5 cc. samples of the hydrolysate into an equal 
volume of 10 per cent trichloroacetic acid, adding some kieselguhr, 
and filtering with suction. The filtrate, which was still turbid, 
became nearly clear when ammonia was added until slightly alka- 
line. After a short time the remaining turbid material coagulated 
and could be removed easily by filtering with an ordinary filter. 
To the filtrate (about 70 ce.) 3 to 5 ce. of magnesia mixture were 
added and the precipitate allowed to become well formed before 12 
ec. of concentrated ammonia were added. The precipitate was 
allowed to stand overnight, was filtered off in a small Gooch funnel, 
dissolved in 15 ec. of 1 n HCl, and the phosphate determination 
performed as usual. 

In order to avoid the inhibition effect of the phosphate" it was 
desirable to carry out a hydrolysis in which the phosphate was 
removed as fast as formed. The method was similar to that re- 
ported.” The nucleic acid was dissolved in magnesia mixture” 
instead of in water, the solution was allowed to stand overnight, 


11 See Hommerberg, C., Z. physiol. Chem., 185, 130 (1929). 

12 Deutsch, W., Z. physiol. Chem., 186, 11 (1929). The amount of mag- 
nesium ion used in the hydrolysis experiment recorded there is obviously 
insufficient for the precipitation of the phosphate at the end of the 
hydrolysis. 

131 liter of the magnesia mixture used contained 57 gm. of magnesium 
acetate (4 mols of water), 180 gm. of ammonium acetate, and 60 cc. of a 
10 per cent ammonium hydroxide solution. The solution was 0.25 moial 
in respect to Mg** and had a pH of 8.6. 








Phosphorus liberated (mg. per cc.) 
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and filtered. The filtrate was used with the acetate buffer in the 
usual manner. The phosphate which precipitated during the reac- 
tion was readily dissolved by 10 per cent trichloroacetic acid, so no 
modification of the phosphate analysis was necessary. 

D. Hydrolysis of Phospho-Sugars.—The barium salts of the 
phosphoric acid esters from a- and $-diacetonefructose are those 
previously prepared.“ The barium salt of the Neuberg ester was 


50 -——— ol ee 


Fad 
= 


on 
o 


~ 
oOo 





0 
Hrs.0 2 


Fig: 3. Fic. 4. 

Fiac.3. Hydrolysis of fructose phosphoric esters. Curve 1, glycerol phos- 
phate standard; hexosemonophosphate from 6-diacetonefructose; Curve 2, 
Neuberg monophosphate; Curve 3, hexosemonophosphate from e-diace- 
tonefructose; Curve 4, hexosediphosphate and the corresponding methyl- 
glucoside. 

Fia. 4. Hydrolysis of glucose phosphoric esters. Curve 1, hexosemono- 
phosphate from monoacetoneglucose (4.5 mg. P per cc.); Curve 2, hexose- 
monophosphate from diacetoneglucose; Curve 3, glycerol phosphate 


standard. 


prepared according to the method of Neuberg.'® The substrates 
for the hydrolyses were made from these samples as indicated 
above. The hydrolysis curves are shown in Fig. 3. The ester 
from $-diacetonefructose hydrolyzed at exactly the same rate as 
glycerol phosphate, whereas the ester from a-diacetonefructose 


4 Raymond, A. L., and Levene, P. A., J. Biol. Chem., 83, 619 (1929). 
15 Neuberg, C., Biochem. Z., 88, 432 (1918). 
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hydrolyzed more slowly. The Neuberg monophosphate has a 
hydrolysis rate approaching that of the ester from 6-diacetonefruc- 
tose. Thus the rate of hydrolysis of a phospho-sugar varies 
greatly with the position occupied by the phosphoric acid radical. 

The hexosediphosphate barium salt was prepared from the com- 
mercial calcium salt through the intermediary of the sodium salt. 
The methylglucoside of this hexosediphosphate obtained as the 
barium salt is that previously described."© The hydrolysis curves 
for the two substances were practically identical and were midway 
between the curves (Fig. 3) for the ester from 6-diacetonefructose 
and the Neuberg ester. 

The hexosemonophosphates from monoacetone-"? and diacetone- 
glucose’ were isolated as barium salts after having been purified 
as brucine salts. The hydrolysis curves of the substrates prepared 
from these samples are given in Fig. 4. The monophosphate ob- 
tained from monoacetoneglucose hydrolyzed at the same rate as 
the Neuberg ester. The rate of hydrolysis of the monophosphate 
from diacetoneglucose was lower than that of the preceding mono- 
phosphate, its rate being approximately the same as that of the 
phosphoric acid ester from a-diacetonefructose. 

E. Hydrolysis of Nucleotides —Two purine derivatives, adenilic 
acid and inosinie acid were hydrolyzed. The former was ob- 
tained as the free crystalline acid and the latter as the barium 
salt. The pyrimidine nucleotide, uridine phosphoric acid, was 
obtained as the barium salt. The hydrolysis curves of the sub- 
strates prepared from these samples are given in Fig. 5. The 
pyrimidine nucleotide, uridine phosphoric acid, is more rapidly 
split than the purine nucleotides, its rate being slightly lower than 
that of the Neuberg ester. Of the two purine nucleotides, adenilic 
acid is more rapidly split than inosinic acid, the rate of the first 
being the same and that of the second being lower than that of the 
phosphoric acid ester from a-diacetonefructose. 

For a comparison, the hydrolysis curve of yeast nucleic acid is 
plotted in Fig. 5 with those of the nucleotides. The comparison 
is only qualitative since the enzyme concentration in the hy- 
drolysis of the nucleic acid was 4.5 times that used in the case of 


16 Levene, P. A., and Raymond, A. L., J. Biol. Chem., 80, 633 (1928). 
17 Prepared by phosphorylation of monoacetoneglucose and subsequent 
hydrolysis. 
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nucleotides. The contrast between the rates of hydrolysis of the 
nucleotides and the nucleic acids is indieated more strikingly in 
Table I, where the comparative rates are given for a standard 
amount of enzyme. 

F. Hydrolysis of Nucleic Acids —Yeast nucleic acid, as the free 
acid, and thymus nucleic acid, as the semi-crude sodium salt and as 
purified free acid, were used as substrates. Various curves of the 
hydrolysis of these materials are given in Figs. 6 to 10. 

In Fig. 6 is shown a comparison of the rates and the extents of 
hydrolysis of yeast and thymus nucleic acids. The former hydro- 
lyzes faster and reaches a greater per cent hydrolysis than does 
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Fig. 5. Hydrolysis of nucleotides. Curve 1, uridine phosphoric acid 
(3.9 mg. P per cc.); Curve 2, adenilic acid (4.1 mg. P per ec.); Curve 3, 
inosinie acid; Curve 4, yeast nucleic acid; Curve 5, glycerol phosphate 
standard. 


the latter, showing the thymus nucleic acid to be somewhat more 
stable than yeast nucleic acid, though the difference between the 
two does not appear to be as great as would be supposed from previ- 
ous indications.'* 

The effect of the buffers on the rate of hydrolysis of thymus 
nucleic acid is given in Fig. 7. The acetate buffer inhibits the 
hydrolysis of the glycerol phosphate standard to the extent of about 
20 per cent, whereas the other two buffers show no effect on this 
hydrolysis. It is probable that the acetate buffer also inhibits the 
nucleic acid hydrolysis by the same amount and taking this into 
account by using a higher concentration of enzyme with this 
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buffer, exactly similar hydrolysis curves were obtained with the 
acetate and veronal buffers. However, the borate buffer had a 
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Fic. 6. Hydrolysis of yeast and thymus nucleic acids. Curve 1, yeast 
nucleic acid (5.0 mg. P per cc). Maximum value reached = 3.8 mg. P per 
cc.; Curve 2, thymus nucleic acid (4.0 mg. P per ec.). Maximum value 
reached = 2.5 mg. P perce. 

Fig. 7. Hydrolysis of thymus nucleic acid. Effect of buffers: Curve 1, 
with veronal or acetate buffer; Curve 2, with acetate buffer and Mg**; 
Curve 3, with borate buffer. 
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Fie. 8. Hydrolysis of thymus nucleic acid. Effect of substrate concen- 
tration: Curve 1, 2 per cent nucleic acid solution (1.3 mg. P per cc.) ; Curve 


2, 6 per cent nucleic acid solution (4.0 mg. P per ce.). 
Fig. 9. Hydrolysis of thymus nucleic acid. Effect of purification: 


Curve 1, unpurified and satisfactorily purified samples (4.0 mg. P per cc.) ; 
Curves 2 and 3, unsatisfactorily purified samples (4.0 mg. P per cc.). 


peculiar effect on the nucleic acid hydrolysis, though it showed no 
effect on the hydrolysis of glycerol phosphate. For this buffer the 
hydrolysis curves showed a marked break between 15 to 20 per 
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cent hydrolysis though the rates were entirely normal up to this 
point. This effect is perhaps due to the combination of some 
partially hydrolyzed portion of the nucleic acid with borie acid. 
The decrease in hydrolysis rate brought about by the addition of 
magnesium ion to the reaction mixture is also indicated in Fig. 7. 
In the hydrolysis of the phospho-sugars and the nucleotides, 
the substrate concentrations were 0.161 molal. In these cases the 
hydrolysis was always complete after a sufficient length of time (12 
to 24hours). On the other hand the hydrolysis of the nucleic acids 
at this concentration could not be made complete even by adding 
additional portions of enzyme and allowing the hydrolysis to con- 
tinue for a number of days. It was found advantageous to use a 
more dilute solution of these substrates since both the rate and the 
extent of hydrolysis could be materially increased as shown in 
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Fic. 10. Hydrolysis of thymus nucleic acid. Effect of enzyme sample: 
Curve 1, average sample—phosphatase activity = 1.7 (1.3 mg. P per ee.); 
Curve 2, abnormal sample—phosphatase activity = 2.0 (1.3 mg. P per ec.). 


Fig. 8, though complete hydrolysis was not accomplished even in 
these dilute solutions. 

The preliminary hydrolyses of thymus nucleic acid were carried 
out on a semi-crude sample. Later it was desired to use better 
material but in several cases the purification of the thymus nucleic 
acid yielded samples which had much lower rates of hydrolysis than 
the unpurified sample. While the chemical analysis of these slowly 
hydrolyzed samples indicated that they were not as pure as 
desired, the differences from the correct analysis values were not as 
great as might be expected from the deviations noted in the rates 
of hydrolysis. These samples possibly contained some diphos- 
phoric esters- of pyrimidine nucleosides. Careful purification 
yielded samples which analyzed perfectly and hydrolyzed with the 
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same rate as the unpurified sample. A comparison of these various 
samples can be made from Fig. 9. 

The anomolous activity of the enzyme sample mentioned in the 
introduction is indicated in Fig. 10. Curve 1 represents the hydrol- 
ysis of thymus nucleic acid with a normal sample of the enzyme 
which, as indicated in the previous discussion, shows a high rate 


TABLE III. 
Comparative Rates of Hydrolysis. 





Initial rate of hydrolysis. 





Substrate. | With normal sample. | With abnormal sample. 





| Mg. P per | Relative | Mg. P per | Relative 





| 
} 
| 
| ec. per hr. rate. ec. per hr. rate. 
Glycerol phosphate.............. | 1.65 | 1.00 | 203 | 1.23 
Adenilie acid...................... | 0.95 | 0.58 | 1.06 | 0.64 
Thymus nucleic acid...............| 0.25 | 0.16 | 0.022 | 0.013 





of hydrolysis with both glycerol phosphate and adenilic acid. 
Curve 2 represents the hydrolysis with the abnormal sample which 
also hydrolyzes glycerol phosphate and adenilic acid with the 
same high rate as the normal sample. A more striking comparison 
is obtained from Table III which gives the initial rates of hydrol- 
ysis of the three types of substrates with the two different enzyme 
samples. 








STUDIES IN POLYMERIZATION AND CONDENSATION. 
VI. 5,6-DIHYDROXYHEXANONE-2. 


By P. A. LEVENE anp A. WALTI. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 15, 1930.) 


In a previous communication! a report was made on the spon- 
taneous condensation of dihydroxyacetone into dihydroxyacetonyl- 
dihydroxyacetone and di-(dihydroxyacetonyl)dihydroxyacetone. 
It seemed desirable to extend the observations to simple dihydroxy- 
ketones in which the positions of the two hydroxyls were on 
carbon atoms 5 and 6 for the reason that such an arrangement 
would permit <2, 5> and <2, 6> lactal formation and hence 
present conditions similar to those existing in common sugars. 
The investigation seemed all the more desirable for the reason that 
Hibbert and Timm?” had already studied one condensation product 
of 5,6-dihydroxyhexanone-2 and had attributed to it a structure 
analogous to that which Hibbert had postulated for cellulose. 
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1 Levene, P. A., and Walti, A., J. Biol. Chem., 78, 23 (1928). 
? Hibbert, H., and Timm, J. A., J. Am. Chem. Soc., 45, 2433 (1923). 
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However, before entering into the study of the polymerization 
or condensation of 5,6-dihydroxyhexanone-2, it was desirable to 
obtain more information on the structure of the substance itself, 
particularly with respect to its cyclic nature. In the homo- 
geneous state the substance probably consists of the two forms in 
equilibrium. In some of its derivatives, however, the cyclic form 
apparently predominates. Thus, on treatment with methyl 
alcohol containing 0.5 per cent of hydrogen chloride, a methyleyclo 
derivative is obtained, having one of the following structures. 








CH; CH; 
OCH; CCH; 
4 
c——_, c——, 
| | | 
CH, CH; } 
| 0 | | 
CH, | CH: O 
| | | 
CH -4 CHOH | 
| | 
| | 
CH.0H CH # 
Ill. IV. 


The molecular refraction of the substance is 36.97 and the caleu- 
lated value is 37.13. In harmony with the view of the cyclic 
structure were also the results of further methylation and of acety- 
lation inasmuch as the methyleyclo derivative gave a monoacety] 
and a monomethy!] derivative. 


Condensation of 5,6-Dihydroxyhexanone-2. 


Freshly distilled ketone is a mobile colorless liquid. Often,on 
standing at 25° and sometimes even on standing at 0°, as much as 
50 per cent of the original ketone undergoes condensation into a 
substance distilling at 175-180° at 0.2 to 0.3 mm. pressure and 
having the composition of a desoxydisaccharide, dihydroxyhexan- 
enyldihydroxyhexanone. As such, the substance gave a diacety] 
derivative. However, after treatment at room temperature with 
dry methyl alcohol containing 0.5 per cent of hydrogen chloride 
the disaccharide was apparently hydrolyzed with the formation of 
methyleyclodihydroxyhexanone-2. The great instability of the 
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desoxydisaccharide is not surprizing in view of the fact that 5 ,6-di- 
hydroxyhexanone-2 is a desoxy sugar similar to glucodesose and‘in 
view of our present knowledge of the great instability of the gluco- 
sides of this group of substances. Because of the great instability 
of this disaccharide, it is difficult to choose between the two struc- 


the more probable one. 


——————0—_———_ CH; CHs. 4) © 5 
CH, CHOH—CH,—CH,-O— oO ‘C—CH.—CH,—CHOH—CH; 
V. 

CH,—CHOH—CH.—CH,—C—CH, 
| O | ‘o 
VI. 
CH; 





| 
CH,—CH—CH,—CH,—C—OH 
| | 
O 





Polymerization Product Obtained from 45 ,6-Dihydroxyhexanone-2 
with Sulfuric Acid as Catalyst (Hibbert and Timm). 


In the light of the above result on the spontaneous formation of 
the disaccharide, it became necessary to reinvestigate the structure 
of the substance prepared by Hibbert and Timm? which according 
to these authors should have one of the following structures in 
analogy with the structure postulated by Hibbert for cellulose. 





CH, ee 
— ' —¢—0-CH-cH,-CHl,-C—0-—Cu-cH, 
| on, | on, on, cn | 
0 cr 1 . cu, cil CH, 
| HC—! | HC-0—C—CH,—CH,—CH—0—C—0o 
ae L_cu, ———— CH, 

VIL. VIII. 


As it is seen from figures VII and VIII, substances of this structure 
have no free hydroxyls and therefore do not permit the formation 
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of acetyl derivatives. In reality, however, the substance pre- 
pared by us according to Hibbert and Timm formed an acetyl 
derivative containing one acetyl group for each dihydroxyketone 
radical and yet the substance had the composition of an anhydro- 
dihydroxyhexanone, in agreement with the analytical data of 
Hibbert and Timm. In order, therefore, to explain the structure 
of the substance of Hibbert and Timm, it was necessary to obtain 
more information on the structure of anhydro-5 ,6-dihydroxy- 
hexanone-2. 


Anhydride of 5,6-Dihydroxyhexanone-2. 
Theoretically the anhydride may be formed either through a 
second ring formation similar to that observed in the case of glu- 
cosans (structure VII) or through desaturation (structures IX or 


X). 

















CH; CH; 

| | 

Cc 5 C 
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CH | CH 
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CH; CH, O 
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CH _ CHOH 

l | 

CH,OH CH:—— 
IX, ; a 


Indeed, the existence of the two forms (VII and IX or VII 
and X) could be easily demonstrated. On heating 5 ,6-dihydroxy- 
hexanone-2 to 150° for 9 hours there occurred a loss of water. 
The lower boiling fraction of this product consists apparently of 
the anhydride of structure VII on the basis of the values of the 
molecular refraction and of the parachor. On the other hand, if 
the condensation product is acetylated prior to distillation and 
the acetylation product is distilled, then a substance is obtained 
with the composition of a monoacetyl derivative of the anhy- 
drodihydroxyhexanone. Its structure is seen from the fact that it 
contains an acetyl group and furthermore from the fact that in the 
presence of Adams’ catalyst, this substance absorbs hydrogen in 
an amount corresponding to one double bond. Also the deter- 
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mined values of the molecular refraction and of the parachor are 
in agreement with the calculated ones for the acetyl derivative of 
substances IX or X. 


Polymerization of the Anhydro-5 ,6-Dihydroxyhexanone-2. 


At times, a hard, slightly brownish resin was obtained on heat- 
ing the 5 ,6-dihydroxyhexanone-2 at 150° for 103 hours with inter- 
ruptions after each 33 hour period. This material on heating under 
reduced pressure and at a temperature not exceeding 230° lost only 
water and the residue had the composition of anhydrodihydroxy- 
hexanone. On acetylation, this polymerized product formed an 
acetyl derivative which had the composition of a monoacetyl 
derivative of an anhydrodihydroxyhexanone, thus showing that 
the hydroxyl of the anhydride is not involved in the polymeriza- 
tion. On the other hand, on standing at room temperature in 
methyl alcohol containing 0.5 per cent of hydrogen chloride, the 
substance remained unchanged; on refluxing with the same solu- 
tion, the substance was methylated only to the extent of one 
methyl group to about five of the ketone. It is not excluded that 
under these conditions a slight depolymerization took place. 
Also, the absorption of hydrogen in the presence of Adams’ plat- 
inum dioxide catalyst was very small, approximately 1 molecule of 
the gas being absorbed for every 7 molecules of the anhydride. 
All these properties seem to indicate that the double bond is 
involved in the polymerization. Thus, it seems to us that the 
5 ,6-dihydroxyhexanone-2 cannot serve as a model of a true sugar 
and its polymerization product cannot serve as a model of a poly- 
saccharide. Rather is 5,6-dihydroxyhexanone-2 a model of a 
desoxy sugar and the resin formation which so readily takes place 
a model of the events in the 2-desoxy sugars. Indeed, the tend- 
ency of the latter to polymerize with tar formation is one of their 
principal characteristics. Jt is possible that the mechanism of poly- 
merization of desoxyglucoses is analogous to the mechanism of poly- 
merization of 5,6-dihydroxyhexanone-2 which takes place in two 
steps; namely, anhydride formation giving rise to a double bond which 
then causes the new substance to polymerize. The same is undoubtedly 
the process of formation of the substance of Hibbert and Timm. 
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Reduction of 5 ,6-Dihydroxryhexanone-2. 


In conclusion, an interesting reaction of the 5,6-dihydroxy- 
hexanone-2 may be mentioned which in a way, may go to show the 
readiness with which the substance undergoes desaturation. 
When the dihydroxyketone in acetic acid solution is acted upon by 
hydrogen gas in the presence of Adams’ platinum dioxide catalyst, 
the molecule loses 1 hydroxyl and the resulting substance forms 
on acetylation only a monoacetyl derivative. The most probable 
structure of the new substance is that of a tetrahydrofuran or of a 
tetrahydropyran derivative (XI or XII). 











CH; CH; 
| 
HC HC 7 
| l | 
CH, CH, 
| O | 
CH, | CH; O 
| | | 
HC CHOH 
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CH,OH CH,——~ 
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The formation of this substance from the original cycloketone may 
take place in three different ways. (a) It may be preceded by the 
formation of the anhydride IX or X. (b) It may be preceded by 
the formation of the anhydride VII, which undergoes reductive 
opening of one ring, 1 hydrogen atom being added to carbon atom 
2, and the other to the oxygen atom involved in the ring formation. 
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(c) The hydroxy] in position (2) of the cyclic ketone may undergo 
direct reduction. The last possibility does not seem to us probable 
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in view of the fact that experiments in our laboratory have shown 
that tertiary aliphatic carbinols do not undergo reduction on treat- 
ment with hydrogen in the presence of Adams’ catalyst. Of the 
other two reactions, the first one seems to us the more probable. 


EXPERIMENTAL. 
5 ,6-Dihydroxyhexanone-2. 


5 ,6-Dihydroxyhexanone-2 was prepared from a-acetyl-d-chloro- 
y-valerolactone by the procedure of Traube and Lehmann’ modi- 
fied slightly, as follows: To the cooled solution of 47 gm. of 
sodium in 800 ce. of absolute alcohol 260 gm. of freshly distilled 
ethylacetoacetate were slowly added. To this cooled solution 
(temperature 25-30°) in turn were added 190 gm. of redistilled 
epichlorohydrin dissolved in 250 ec. of absolute alcohol in such a 
manner that the temperature did not rise above 35°. If the tem- 
perature was kept at zero degrees, a poor yield of acetylchloro- 
lactone was obtained. The reaction mixture was continuously 
stirred. After allowing the mixture to stand overnisht, it was 
concentrated under reduced pressure and the residue was treated 
with 2000 ec. of 5 per cent sulfuric acid in a separatory funnel. An 
oil separated which was dissolved in ether and dried over sodium 
sulfate. After removal of the solvent the lactone distilled at 110- 
112° at 0.2mm. Yield 230 gm. (65 per cent). 

Redistilled a-acetyl-d-chloro-y-valerolactone (214 gm.) was re- 
fluxed with a solution of 85 gm. (0.5 mol) of potassium carbonate 
in 1615°ce. of water for 4 hours. The oil gradually dissolved with 
evolution of carbon dioxide. The solution was concentrated at a 
low temperature under diminished pressure. The residue was 
dissolved in absolute alcohol, the solution filtered with suction 
from the potassium chloride, and then concentrated under reduced 
pressure. In order to remove as much as possible of the inorganic 
material, the residue was repeatedly dissolved in absolute alcohol 
and to the solution a little dry ether was added. The solution 
then was distilled under reduced pressure from a short 45 ce. 
Claisen distilling flask; the 5,6-dihydroxyhexanone-2 distilled at 
120° at 0.3mm. The total yield was 112 gm. or 70 per cent caleu- 


3 Traube, W., and Lehmann, E., Ber. chem. Ges., 34, 1971 (1901). 
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lated on the basis of the chlorolactone used. The redistilled sub- 
stance analyzed as follows: 


9.285 mg. substance: 18.645 mg. CO, and 7.505 mg. H.0. 
C.H,20; (132.13). Calculated. C 54.51, H 9.16. 
Found. ** 54.75, “* 9.04. 


Molecular Weight Determination by Cryoscopy.—14.196 gm. 
of water; 0.3676 gm. of substance; 0.371° difference in freezing 
temperatures. 

100 X 0.3676 


Mol. wt. = 18.5 X 14.196 X 0.371 = 129. Mol. wt. calculated, 132.13. 


Molecular Refraction Determination. 


N25 = 1.4673; des = 1.118; [M]p = 32.81. 

[M]p calculated for straight chain, 32.967. 

[M]p ” “ eyelic form, 32.40. 
Average, 32.68. 


Diacetyl-5 ,6-Dihydroxyhexanone-2_ (CH;COCH2CH.CH(OCOCH;)- 
CH,OCOCH;). 


6 gm. of dihydroxyhexanone (b.p. 132° at 2 mm.) were dissolved 
in 16 ce. of acetic anhydride to which 16 cc. of dry pyridine had 
been added. The mixture was allowed to stand overnight. After 
removal of the solvents the diacetate derivative distilled at 112- 
114° at 0.6 mm. (8.7 gm.). It was insoluble in water. It analyzed 
as follows: 


7.025 mg. substance: 14.410 mg. CO, and 4.850 mg. H.0. 
CioHi6O; (216.18). Calculated. C 55.53, H 7.46. 
Found. ** 55.93, “ 7.72. 


Acetyl Number —To 0.1373 gm. of substance were added 35.0 
ec. of 0.1 N NaOH. After allowing the mixture to stand overnight 
22.3 ec. of 0.1 N HCl were required for neutralization. Calcu- 
lated, 519; found, 519. 

Molecular Refraction—The value points to an open chain 
formula. 


nos = 1.4398; dos = 1.0952; [M]p = 52.00. 
[M]p calculated for open chain, 51.696. 
[M]p “ ** cyclo form, 51.128. 
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Semicarbazone of Diacetyldihydroxyheranone.—Two structures 
are theoretically possible for the diacetate, one a cyclic and the 
other a keto form. The existence of the latter at least in predom- 
inating quantity is seen from the formation of the semicarbazone 
in a good yield. The semicarbazone was prepared in the follow- 
ing way. 0.8 gm. of potassium acetate and 0.8 gm. of semicarba- 
zide hydrochloride were dissolved in 2.3 cc. of water. To the 
solution was added 1 gm. of the diacetate and about 1 cc. of methyl 
alcohol. The reaction took place with evolution of heat. On 
standing for 1} days approximately 1.3 gm. of the crystalline 
semicarbazone were obtained. On repeated recrystallization from 
methy] alcohol the substance melted at 112° (with decomposition). 
It analyzed as follows: 


0.5065 mg. substance: 8.975 mg. CO, and 3.210 mg. H,0. 


0.4530 ‘“‘ - : 0.635 ce. N (38°, 752 mm.). 
CyHisOsN; (273.24). Calculated. C 48.33, H 7.01, N 15.38. 
Found. ** 48.32, “* 7.09, ‘* 15.62. 


Methylcyclo-5,6-Dihydroxyhexanone-2 (III or IV). 


This substance is readily obtained by dissolving the dihydroxy- 
hexanone in 10 times its weight of dry methyl alcohol containing 
0.5 per cent of hydrogen chloride. After 4 hours, the hydrogen 
chloride was removed with dry silver carbonate. The filtrate was 
concentrated and the residue distilled at 66-69° at 15 mm. In 
this manner from 10 gm. of dihydroxyhexanone 10 gm. (or 90 per 
cent) of the methyleyclo derivative were obtained. The analysis 
was us follows: 


5.525 mg. substance: 11.650 mg. CO, and 4.615 mg. H:0. 


0.1752 gm. ™ : 0.2742 gm. AgI (Zeisel). 
C;H,,O; (146.15). Calculated. C 57.50, H 9.66, OCH; 21.21. 
Found. ** 57.50, ‘9.34, “ 20.66. 


The value of molecular refraction was as follows: 


N25 = 1.4496; dos = 1.0614; [M]p calculated 37.13; found 36.97. 


Aceiyl Methylcyclo-5, 6-Dihydroryhexanone-2.—3 gm. of the 
methyleyclodihydroxyhexanone were dissolved in a mixture of 9 
ec. of acetic anhydride and 9 ce. of dry pyridine. On distillation a 
fraction was obtained which distilled at 53-54° at 0.1 to 0.2 mm. 
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Yield 3.3 gm. This material was redistilled and a fraction was 
collected which boiled at 102-104° at 16 mm. It analyzed as 
follows: 

4.985 mg. substance: 10.580 mg. CO. and 3.835 mg. H.0. 


CsH,¢0, (188.17). Calculated. C 57.42, H 8.57. 
Found. ** 57.87, “ 8.60. 


Acetyl Number.—0.1666 gm. of substance and 40.0 ce. of 0.1 N 
NaOH were allowed to stand overnight. 30.4 ec. of 0.1 N HCl were 
required for neutralization. Calculated, 298; found, 323. 


Dimethyleyclodihydroxyhexanone. 


18 gm. of methyleyclo-5 ,6-dihydroxyhexanone-2 were methyl- 
ated by means of silver oxide and methyl iodide. A total quan- 
tity of 50 gm. of silver oxide and 150 gm. of methyl iodide were 
used and added in four portions. Heating of this reaction mixture 
was continued for 5 hours. The mixture was then cooled and 
extracted with dry ether and the ethereal solution dried with 
anhydrous sodium sulfate. The solvent was removed and three 
fractions were obtained on distillation. 


Fraction I, boiling at 74° at 17 mm., weight 9.4 gm. 
“ ~~ “ 75-82° at 17 mm. 
. III, viscous residue; weight 1.2 gm. 


Fraction I.—It had the composition of dimethyleyclodihydroxy- 
hexanone. 


5.250 mg. substance: 11.525 mg. CO, and 4.895 mg. H,0. 


0.1076 gm. ™ : 0.3118 gm. AgI (Zeisel). 
CsH,,O; (160.17). Calculated. C 59.96, H 10.07, OCH; 38.75. 
Found. ** 59.85, “10.48, “ 38.25. 


The value of the molecular refraction corresponded to the cyclo 
form. 


n2; = 1.4302; dz; = 0.9922. [M]® calculated for the cyclo form 41.87; 
found 41.72. 


Fraction III. Condensation Product.—This fraction represented 
1.2 gm. of a viscous residue. It had the composition of an anhydro- 
dihydroxyhexanone. 


3.450 mg. substance: 8.005 mg. CO, and 2.750 mg. H,.O. 
CHO: (114.11). Caleulated. C 63.12, H 8.83. 
Found. * 63.27, “* 8.91. 
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The substance was acetylated by means of acetic anhydride and 
pyridine. After removal of the acetylation mixture, attempts at 
fractional distillation under.the pressure of about 1 mm. were 
unsuccessful although the bath was heated to 190°. The sub- 
stance had the composition of a monoacetylanhydrodihydroxy- 
hexanone. 

5.005 mg. substance: 11.245 mg. CO: and 3.625 mg. H,0. 


C3H,.0; (156.14). Caleulated. C 61.51, H 7.75. 
Found. ** 61.26, ** 8.10. 


Acetyl Number.—0.1960 gm. of substance was refluxed for 1} 
hours with 40.0 ec. of 0.1 N NaOH. 29.0 ec. of 0.1 N HCl were 
required for neutralization. Calculated, 359; found, 308. 


In another methylation experiment 5 gm. of methyleyclodi- 
hydroxyketone with 45 gm. of silver oxide and an excess of methy! 
iodide were refluxed for about 20 hours. 

A small amount of a substance was obtained which boiled at 
60° at about 17 mm. According to its analysis, it represents 
monomethoxydihydroxyhexanone anhydride. 


5.030 mg. substance: 11.945 mg. CO, and 4.250 mg. H,0. 


0.1806 gm. ™ : 0.3312 gm. AgI (Zeisel). 
C;H,20:2 (128.13). Calculated. C 65.58, H 9.44, OCH; 24.19. 
Found. ** 64.75, “9.45, “ 24.20. 


Condensation of 5 ,6-Dihydroxyhexanone-2. 


This reaction takes place even at a low temperature. It is 
probable that a trace of a substance present in the 5,6-dihydroxy- 
hexanone catalyzes this reaction since the yield of the disaccharide 
on short standing sometimes was higher than when the substance 
was allowed to stand for a longer period. 

Thus, 36 gm. of redistilled 5,6-dihydroxyhexanone-2 were 
kept at 25° for 12 days and then subjected to distillation. The 
first fraction consisted of a small quantity of water after which only 
24 gm. of substance distilled at the boiling temperature of the 
dihydroxyketone. It had been also observed that during the 
distillation further condensation, to a small extent, had taken 
place. The residue was distilled at about 1 mm. pressure. A 
fraction was obtained which distilled at 175-180° at 0.3 to 0.4 mm. 
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The substance had the composition of a dihydroxyhexanonyl 


dihydroxyhexanone. 
6.355 mg. substance: 13.620 mg. CO, and 5.150 mg. H;0O. 
Ci2H2O0s5 (246.26). Calculated. C 58.50, H 9.01. 
Found. “* 58.44, “* 9.06. 


Acetylation of Distillation Residue—In another experiment 31 
gm. of 5,6-dihydroxyhexanone-2 were kept at room temperature. 
This time only one-half of the amount of dihydroxyhexanone was 
recovered by distillation. 5 gm. of the residue were dissolved in a 
mixture of 15 ec. of acetic anhydride and 15 ce. of dry pyridine. 
The following day the reaction product was fractionated. The 
fraction boiling from 170—180° at 0.2 to 0.3 mm. had the composi- 
tion of a diacetyl di-(dihydroxyhexanone) anhydride. 


3.700 mg. substance: 7.945 mg. CO, and 2.595 mg. H2O. 
C,¢H2.O0; (330.29). Calculated. C 58.15, H 7.94. 
Found. ** 58.55, “* 7.84. 


Acetyl Number.—0.1318 gm. of substance was refluxed for 2 hours 
with 40.0 ec. of 0.1 N NaOH. 31.7 cc. of 0.1 Nn HCl were required 
for neutralization. Calculated, 340; found, 353. 


In another experiment freshly distilled dihydroxyketone was 
allowed to stand at about 0° for 14 days. On being distilled, only 
84 per cent of the original substance was recovered. In order to 
prevent condensation on standing it is therefore advisable to pre- 
serve the dihydroxyketone in a solvent. 


Methylcyclodihydroryheranone from Di-(Dihydroxyhexanone) 
Anhydride. 


1.7 gm. of the disaccharide were dissolved in 12.5 ec. of methyl 
alcohol containing 0.5 per cent of hydrogen chloride. After 
allowing the mixture to stand at room temperature it was neutral- 
ized with silver carbonate. The filtered solution was concentrated 
at a low temperature. At the temperature of 101—103° (15 mm.) 
a fraction of 1.2 gm. was obtained which had the composition of 
methyleyclodihydroxyhexanone. 


3.290 mg. substance: 6.990 mg. CO» and 2.980 mg. H:,0. 
0.0964 gm. " : 0.1554 gm. AgI (Zeisel). 
C;H,,Os3 (146.15). Calculated. C 57.50, H 9.66, OCH; 21.21. 
Found. “7s “OM “* Si. 
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Polymerization Product Obtained from 5 ,6-Dihydroxryhexanone-2 
with Concentrated Sulfuric Acid. (According to Hibbert 
and Timm’). 


To 9 gm. of 5,6-dihydroxyhexanone-2 was added 0.009 gm. of 
concentrated sulfuric acid. The mixture was stirred and heated at 
155° for 4 minutes. The dark, resinous material was then kept at 
100° under slightly reduced pressure. The substance had the 
composition of an anhydride of 5,6-dihydroxyhexanone-2. 


4.760 mg. substance: 11.075 mg. CO, and 3.840 mg. H:,0. 
(CeHO-2)2 (114.11). Calculated. C 63.12, H 8.83. 
Found. ** 63.45, ‘* 9.02. 


Acetylation of Polymeric Anhydride of Dihydroxyhexanone.— 
2.1 gm. of the above polymeric anhydride of the dihydroxyhexanone 
were dissolved in 4.5 cc. of dry pyridine. To this solution 4 cc. of 
acetic anhydride were added, some heat being evolved. After 36 
hours standing the mixture was taken up in chloroform, water 
was added, and the chloroform solution was washed with dilute 
solutions of sulfuric acid and sodium carbonate. After drying of 
the washed chloroform solution with sodium sulfate, the solvent 
was evaporated. 

An attempt was made to distil the residue under reduced pres- 
sure but no distillate was obtained. The new compound had the 
composition of a monoacetate of a polymer dihydroxyhexanone 
anhydride. 


3.600 mg. substance: 8.125 mg. CO, and 2.410 mg. H:,0. 
(CsH1203). (156.14). Calculated. C 61.51, H 7.75. 
Found. ** 61.54, “* 7.49. 


Acetyl Number.—0.2031 gm. of substance required 13.7 cc. of 
0.1 N NaOH for neutralization. Calculated, 359; found, 378. 


Anhydride of 5 ,6-Dihydroxyhexanone-2. 


40 gm. of 5,6-dihydroxyhexanone-2 were heated in a double neck 
distilling flask at a temperature of 150° for 9 hours. The heating 
was carried out for 2 to 3 hours at a time, the material being kept 
in the ice box in between times, about 20 hours. The reaction 
mixture was then distilled under a pressure of less than 1 mm. 
The receiving flask was water-cooled, but the vapor leading to the 
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vacuum pump was passed through a U-tube which was cooled to a 
very low temperature with solid CO, and alcohol. On gradually 
raising the bath temperature, a crystalline material was soon 
observed in the cold U-tube. It consisted of a mixture of water 
and anhydride. The temperature of the bath was finally raised to 
about 160° when most of the material had distilled over. In the 
first, the water-cooled receiver, a mixture of substances was ob- 
tained. The crystalline material in the carbon dioxide-cooled 
flask was immediately dissolved in dry ether and separated from a 
small aqueous layer which was formed occasionally. The ether 
solution was dried with sodium sulfate and kept overnight at 0°. 
After removal of the ether from the filtered solution the remaining 
mobile liquid was fractionated. In some instances the non- 
fractionated material was used. The substance had the composi- 
tion of an anhydride of 5,6-dihydroxyhexanone-2. On fractiona- 
tion a portion was obtained which boiled at 40° at 20 mm. or at 
55° at 42 mm. This substance had the following composition. 


3.860 mg. substance: 8.980 mg. CO, and 2.990 mg. H,O. 
CHO, (114.11). Calculated. C 63.12, H 8.83. 
Found. ** 63.44, “ 8.55. 


Molecular Weight Determination by Cryoscopy.—This determina- 
tion was carried out on a non-fractionated material. 8.093 gm. of 
benzene; 0.1025 gm. of substance; 0.532° difference of freezing 
temperatures. Mol. wt. of the monomolecular form (CsHio0») 
calculated, 114.1; found, 121.7. 

Molecular Refraction —The molecular refraction as well as the 
parachor were determined on a pure freshly distilled sample of 5,6- 
dihydroxyeyclohexanone anhydride. The values obtained from 
determination of the molecular refraction agree with that caleu- 
lated for a molecule containing two oxygen bridges. 


m2; = 1.4350; do, = 1.0423; [M], = 28.57. 
[M]p calculated (formula VJI) 28.79, (formula IX or X) 30.41. 


Determination of Parachor.—The values found for the distilled 
anhydride are also in better agreement with a molecule containing 
two oxygen bridges (formula VII) than with a molecule containing 
a double bond and one oxygen bridge (formulas IX or X). 
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The parachor was determined‘ according to Sugden.’ The 
calculations were made using his simplified formula: 


Parachor = D y* 


where M is molecular weight, D density, and y surface tension. 
The constant of the surface tension apparatus was established by 
determining the surface tension of known substances. The con- 
stant of the apparatus was 0.00380,. The parachor of ether, 
chloroform, and carbon tetrachloride were 209.5, 183.2, and 220 
respectively. Calculated 210.2, 184.8, and 222.0 respectively. 


Difference of pressure observed on water gauge = 8245 dynes per cm.? 
yes = 31.58. Parachor found = 259.2. 
Calculated, formula VII 254.4; formula IX 271.5; formula X 269.1. 


Occasionally, the ethereal extract of the distillate in the carbon 
dioxide-aleohol-cooled tube turned viscous so rapidly on evapora- 
tion of the ether that no appreciable amount of the monomolecular 
anhydride could be obtained. 


Acetate of Anhydride of 5 ,6-Dihydroxyhexanone-2. 


3 gm. of non-fractionated anhydride of 5,6-dihydroxyhexanone-2 
were dissolved in a mixture of 7 cc. of pyridine and 6 ce. of acetic 
anhydride. After standing for 20 hours the mixture was concen- 
trated under reduced pressure. The residue was taken up in 
chloroform and washed with dilute solutions of sulfurie acid, 
sodium carbonate, and finally with water. The dried chloroform 
solution was concentrated and 2 gm. of a substance boiling at 58° 
at 2 mm. pressure were obtained. The substance had the compo- 
sition of a monoacetate of an anhydride of dihydroxyhexanone. 


5.330 mg. substance: 12.000 mg. CO: and 3.900 mg. H:0. 
CsH..O; (156.14). Calculated. C 61.51, H 7.75. 
Found. “* 61.39, ‘* 8.19. 


Acetyl Number.—0.0925 gm. of substance required 5.8 cc. of 
0.1 N NaOH for neutralization. Calculated, 359; found, 352. 
‘ All the parachor determinations reported in this paper were carried 


out by Dr. Alexandre Rothen. 
> Sugden, S., J. Chem. Soc., 125, 1177 (1924). 
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The values of the molecular refraction and of the parachor of the 
substance were in agreement with those calculated for the acetate 
of anhydrodihydroxyhexanone (acetate of substance IX or X). 


Molecular Refraction. 
mos = 1.4490; @> = 1.0575; calculated [M]p 39.77; found [M]p 39.55. 
Parachor.—Difference of pressure observed on water gauge = 8490 dynes 
per cm?. 
ves (surface tension) = 32.50; d3 = 1.0575. 
Parachor found = 352.6; parachor calculated = 352.9 (6-membered ring). 
- ° = 355.3 (5- “ ae 


Hydrogenation of Acetate of Anhydride of 5 ,6-Dihydroxyhexanone-2. 


0.05 gm. of platinum dioxide (Adams’ catalyst) and 4 ee. of 80 
per cent alcohol were placed in a small hydrogenation vessel. 
After reduction of the catalyst, 1 gm. of the above acetyl derivative 
dissolved in 7 cc. of aleohol was added. A rapid absorption of 135 
ec. of hydrogen took place. Further shaking did not increase the 
absorption of hydrogen. The filtrate from the catalyst was freed 
from its solvent by distillation, the residue was transferred into a 
1.5 ec. double neck distilling flask. 0.5 ec. of a substance distilled 
at 95° (12 mm.). It had the composition of a dihydro derivative 
of the acetylated anhydride. 

4.065 mg. substance: 9.050 mg. CO, and 3.300 mg. H,0. 


C3H,,O3 (158.15). Calculated. C 60.73, H 8.92. 
Found. ** 60.71, ‘* 9.08. 


Acetyl Number.—0.1009 gm. of substance required 6.3 cc. of 0.1 
N NaOH for neutralization. Calculated, 355; found, 350. 


Products Obtained in the Water-Cooled Receiver. 


In the water-cooled receiving flask (see anhydride of 5 ,6-dihy- 
droxyhexanone-2) two substances were identified after acetylation, 
namely dihydroxyhexanone anhydride of type IX or X and 
5 ,6-dihydroxyhexanone-2. The material separated at times into 
two layers. The top layer was decanted and acetylated with pyri- 
dine and acetic anhydride. It yielded an anhydrodihydroxyhexa- 
none acetate boiling at 50-53° at 1 mm. 

5.246 mg. substance: 11.740 mg. CO: and 3.615 mg. H,0O. 


CsH1.0; (156.14). Calculated. C 61.51, H 7.75. 
Found. “* 61.03, ‘ 7.71. 











1e 
te 


2S 


on ff & oO 





P. A. Levene and A. Walti 787 


Acetyl Number.—0.0910 gm. of substance required 6.2 ec. of 0.1 N 
NaOH for neutralization. Calculated, 359; found, 382. 

There was a certain amount of a higher boiling fraction which 
distilled over a wide temperature range. 

The bottom layer was also acetylated with pyridine and acetic 
anhydride. The main fraction distilled at 105° and 0.8 mm. It 
had the composition of dihydroxyhexanonediacetate. 


4.550 mg. substance: 9.420 mg. CO. and 3.130 mg. H.0. 
CioH:60; (216.18).~ Caleulated. C 55.53, H 7.46. 
Found. ** 56.45, ‘* 7.69. 


Acetyl Number.—0.1983 gm. of substance required 16.8 ec. of 0.1.N 
NaOH for neutralization. Calculated, 519; found, 475. 


Polymerized Anhydro-5, 6-Dihydroxyhexanone-2. 


20 gm. of 5,6-dihydroxyhexanone-2 were heated in a manner 
similar to that previously described (three times for 3} hours at 
approximately 150°). On distillation of this substance at the bath 
temperature of 230° under reduced pressure only water came over. 
The residue was a hard brown resin and had a composition approxi- 
mating that of a polymerized 5,6-dihydroxyhexanone anhydride. 


4.440 mg. substance: 10.445 mg. CO. and 3.565 mg. H.20. 
(CoH, 002). (114.11). Calculated. C 63.12, H 8.83. 
Found. ** 64.15, ‘* 8.98. 


Acetate of Polymerized 5,6-Dihydroxyheranone Anhydride.—5 
gm. of the polymerized anhydride just described were acetylated 
with a mixture of 11 ec. of dry pyridine and 8 ce. of acetic anhy- 
dride. The following day the mixture was taken up in 100 cc. of 
chloroform, washed with dilute solutions of sulfuric acid and 
sodium carbonate and finally with water. On evaporation of 
the solvent and distillation of the residue a very small fraction 
was obtained which had the character of the anhydride of the 
5 ,6-dihydroxyhexanone-2. The main portion could not be dis- 
tilled even under greatly reduced pressure. It had the approxi- 
mate composition of the acetate of the anhydrodihydroxy- 
hexanone. 


(CsH1:0;)2 (156.14). Calculated. C 61.51, H 7.75. 
Found. “ 62.05, “ 7.48. 
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Acetyl Number.—0.1554 gm. of substance required 11.1 ce. of 
0.1 NX NaOH for neutralization. Calculated, 359; found, 400. 

Hydrogenation of Acetate of Polymerized Dihydroxyhexanone 
Anhydride.—0.05 gm. of Adams’ platinum dioxide catalyst was 
reduced in an alcoholic medium and 1 gm. of the above poly- 
merized anhydride acetate was then added. Within 4 hqurs 20 
ce. of hydrogen were absorbed. Further shaking did not increase 
the absorption although the theory required 141 ce. 


Treatment of Polymerized 5 ,6-Dihydroxyhexanone Anhydride with 
Methyl Alcohol Containing Hydrogen Chloride. 


If the polymerized anhydride was treated with cold methyl 
alcohol containing 0.5 per cent of hydrogen chloride, the material 
remained practically unchanged. If, on the other hand, it was 
refluxed with the same amount of the solvent, a semisolid substance 
was obtained which contained methoxyl groups. Thus, 5 gm. of 
polymerized anhydride were refluxed with 50 ce. of methyl alcohol 
containing 0.5 per cent of hydrogen chloride for 4 hours. The 
following morning the hydrogen chloride was removed with silver 
carbonate and the methyl alcohol evaporated under reduced pres- 
sure. Nothing distilled at the bath temperature of 170° the pres- 
sure being less than 1 mm. The composition of the substance was 
approximately that of a compound consisting of five dihydroxy- 
hexanone rests containing one methyl group. 


5.320 mg. substance: 12.090 mg. CO. and 4.190 mg. H,0O. 


14.485 ‘ .: : 5.845 “ Agl (Zeisel). 
C;,H 101. Calculated. C 61.76, H 9.03, OCH; 5.15. 
Found. “61.97, “881, “ 5.32. 


Distilled Polymeric Anhydride of Dihydroxyhexanone. 


If the solid polymeric anhydride was heated in a bath at a tem- 
perature of 230-290° and under highly reduced pressure, a small 
amount of a yellow viscous material distilled at 130-180° at 0.5 
mm. It had the composition of a dihydroxyhexanone anhydride. 

3.815 mg. substance: 8.780 mg. CO, and 3.055 mg. H,0. 

(CsHioOz). (114.11). Calculated. C 63.12, H 8.83. 
Found. ‘* 62.76, ‘* 8.96. 


Acetylation of Distilled Polymeric Anhydride of Dihydroxryhexa- 
none.—1.5 gm. of the above substance were acetylated with a mix- 
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ture of 3 cc. of pyridine and 3 ce. of acetic anhydride. After 
standing for 15 hours, the mixture was taken up in chloroform, 
washed with dilute solutions of sulfurie acid and sodium carbonate 
and finally with water. After drying the solvent was removed by 
distillation; the residue distilled approximately at the temperature 
of the boiling point of the acetate of the monomeric dihydroxyhexa- 
none anhydride. It was not analyzed. A second fraction was ob- 
tained which boiled at 92-125° at 0.8 mm. It had the following 
composition: C 60.6; H 8.31; acetyl number 267. The remaining 
0.7 gm. of light brown viscous material had practically the compo- 
sition of an acetate of dihydroxyhexanone anhydride. 


3.610 mg. substance, 8.090 mg. CO, and 2.610 mg. H,0. 
(CsHi2O03)- (156.14). Caleulated. C 61.51, H 7.75. 
Found. ** 61.11, “* 8.08. 


Acetyl Number.—0.1099 gm. of substance required 6.2 cc. of 0.1 
N NaOH for neutralization. Calculated, 359; found, 319. 

The brown distillation residue obtained from the fraction boiling 
at 130-180° at 0.5 mm. possessed the composition of C 65.55, and 
H 9.06. 


Hydrogenation of 5 ,6-Dihydroxyhexanone-2. 


7 gm. of freshly distilled 5 ,6-dihydroxyhexanone-2 were dissolved 
in 40 ee. of glacial acetic acid. To this solution was added 0.12 gm. 
of Adams’ platinum dioxide catalyst. After elimination of the air 
in the flask, a pressure of 1.5 atmospheres of hydrogen was applied. 
In 4 hours approximately 1800 ec. of hydrogen were absorbed. 
After filtering off the catalyst most of the acetic acid was evapo- 
rated under diminished pressure. The residue was taken up in 
ether and the mixture was washed with a dilute solution of sodium 
carbonate. The dried ether solution then was fractionated and 3 
gm. of a fraction boiling at 70-73° at 14 mm. were obtained. The 
substance did not reduce Fehling’s solution nor did it form a semi- 
carbazone. It had the composition of a monohydroxyhexanone 
and has the strveture of a tetrahydrofuran or tetrahydropyran 
derivative (formula XI or XII). The analysis was as follows: 


3.775 mg. substance: 8.600 mg. CO» and 3.495 mg. H,0. 
C.H,202 (116.13). Caleulated. C 62.02, H 10.42. 
Found. *¢ 62.12, “* 10.36. 
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Acetate of Monohydroxy Derivative.—To 2.6 gm. of the above sub- 
stance was added a mixture of 5 cc. of pyridine and 5 ce. of acetic 
anhydride. The mixture was allowed to stand for 5 hours and was 
then concentrated under reduced pressure. The residue was taken 
up in chloroform and the solution was washed with dilute sulfuric 
acid and sodium carbonate. The dried chloroform solution gave 
on fractionation 2 cc. of a substance which boiled at 88° at 13 
mm. The substance possessed the composition of a monoacetyl 
derivative. 

5.350 mg. substance: 11.955 mg. CO, and 4.235 mg. H.O. 


CsH,,0; (158.15). Calculated. C 60.73, H 8.92. 
Found. ** 60.93, ‘* 8.85. 


Acetyl Number.—0.1072 gm. of substance required 6.8 cc. of 0.1 
n NaOH for neutralization. Calculated, 355; found, 356. 

Molecular Refraction.—The value of the molecular refraction of 
the substance was in agreement with its cyclic structure. 


d*® = 1.0175; n° = 1.4321; [M]p = 40.32. 
[M]p calculated 40.24 (cyclic form). 
[M]p " 40.81 (open chain). 











ON THE RING STRUCTURE OF METHYLGLUCODESO- 
SIDE. 


By P. A. LEVENE anp L. A. MIKESKA. 


(From the Laboratories of The Rockefeller Institute for Medical Research, 
New York.) 


(Received for publication, July 3, 1930.) 


The great instability of the ribodesosenucleosides as well as that 
of ordinary glucosides of 2-desoxy sugars made it necessary to 
investigate into the ring structure of these glucosides inasmuch 
as in regard to stability they resembled very much the y-glucosides 
having the <1,4> structure. It is natural that the same ques- 
tion should also have interested Bergmann and while the present 
investigation was in progress there appeared a paper by Bergmann 
and Breuers dealing with this problem.1_ These authors prepared 
4-glucosidoglucodesose from cellobiose. This disaccharide could 
not form a <1,4> glucoside and yet the methylglucoside prepared 
by them was characterized by a great instability. Thus, they 
attributed to the common methylglucodesoside the <1,5> ring 
structure. However, to make their proof really rigorous, they 
should have demonstrated that methylglucodesoside prepared 
from the disaccharide was identical with the glucoside prepared 
directly from the glucodesose. In view of this fact our work was 
brought to a conclusion and decisive evidence was furnished for 
the <1,5> structure of the methylglucodesoside. Our conclu- 
sion is based on the following facts. 

Glucodesose was oxidized to the acid, which was converted into 
the lactone and the lactone was methylated. On the other 
hand, methylglucodesoside was exhaustively methylated. The 
methylated glucoside was converted into the corresponding sugar 
which was oxidized to the corresponding methylated sugar acid 
and this transformed into the corresponding lactone. In this 


1 Bergmann, M., and Breuers, W., Ann. Chem., 470, 51 (1929). 
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way two trimethyl glucodesonic lactones were obtained, one 
starting from glucodesonic acid and the other from methylglu- 
codesoside. To the first lactone, structure I may be attributed, 
by analogy with other sugar acids. 
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The conclusion regarding the ring structure of the second lactone 
depends upon its identity or non-identity with the former. The 
first lactone crystallized readily. It was practically inactive in 
chloroform solution and had a rotation of [aj = +21.5° in 
benzene. The second lactone was a liquid and had a rotation of 
[af = +87.5° in chloroform and of [a]?? = +88.2° in benzene. 
Hence the two lactones are not identical and it is warranted to 
assign the <1,5> ring structure to the second one and on the basis 
of this, also to the parent glucoside. Thus the great instability of 
the 2-desoryglucoside is due not to a <1,4> ring structure but to 
the reduced state of carbon atom 2. 


EXPERIMENTAL. 


2-Desoxry-d-Gluconic Acid.—The oxidation of 2-desoxy-d-glucose?® 
was carried out following the method of Goebel.* The solutions 
used were prepared as follows: Solution A, 76 gm. of finely pulver- 
ized iodine were thoroughly mixed with 150 gm. of barium iodide, 


2 Bergmann, M., Schotte, H., and Lechinsky, W., Ber. chem. Ges., 56, 
165 (1922). 
2 Goebel, W. F., J. Biol. Chem., 72, 801 (1927). 
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1900 cc. of water were added, and the mixture was shaken until 
all the iodine and barium iodide were dissolved; Solution B, 124 
gm. of Ba(OH)2-8 HO were dissolved in 1900 ce. of water. 

The oxidation of the sugar was carried out as follows: 4 gm. 
of 2-desoxyglucose were dissolved in 322 ce. of Solution A. The 
mixture was cooled to —5° and 487 ce. of Solution B were added 
from a dropping funnel in the course of 10 minutes with vigorous 
stirring. During the addition of the hydroxide the temperature 
was maintained at —5°. When all the barium hydroxide was 
added, the reaction was allowed to proceed for 5 more minutes. 
22 gm. of lead carbonate were then added, and then 52 ce. of 25 
per cent sulfuric acid. After a few minutes of stirring, enough 
lead carbonate was added to render the solution neutral to Congo 
red. The lead iodide was then filtered off and the filtrate concen- 
trated to a small volume under reduced pressure. The last traces 
of hydroiodic acid were removed by treating the solution with a 
small excess of silver sulfate. Silver and lead were then removed 
with hydrogen sulfide. The solution was finally treated with an 
excess of barium carbonate and filtered. On concentration of the 
filtrate, the barium salt separated in crystalline form, and was 
filtered off. A second crop of salt was obtained from the filtrate 
by pouring it into a fairly large volume of methyl alcohol. The 
total yield of the Ba salt was 6.14 gm. It analyzed as follows: 


4.485 mg. substance: 4.790 mg. CO, and 1.775 mg. HO. 


6.470 “ - : 3.055 “ BaSQ,. 
Cy2H22012Ba. Calculated. C 29.06, H 4.44, Ba 27.88. 
Found. ** 29.12, ** 4.42, “ 27.80. 


In order to obtain the free acid, the salt was dissolved in water 
and the barium quantitatively removed with sulfuric acid. On 
concentration under reduced pressure the acid separated in crystal- 
lineform. It melted at 145° (uncorrected) and analyzed as follows: 


5.705 mg. substance: 8.250 mg. CO; and 3.260 mg. H:0. 
CsH2O. Calculated. C 40.00, H 6.66. 
Found. ** 39.92, ‘* 6.65. 


The pure substance showed a rotation of 


« +0.15° x 100 


[a], iT— = + 2.4° (in water). 
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1 hour later the rotation was 


+ 0.22° x 100 a 
lel = “Tx 6288 = t 35. 


3 days later it was 


= _ +.2.09° X 100 


[a], = 1 X 6.288 = + 33.2°. 


At the end of that time equilibrium had not been reached. 
Glucodesonic Lactone.—As was to be expected, it was found that 
the rate of lactone formation was accelerated by raising the tem- 
perature. It was therefore found expedient to make a 2 per cent 
solution of the acid and to heat it in sealed tubes for 24 hours 
in a steam-heated water bath at 100°. The solution was then 
concentrated to nearly dryness under reduced pressure and in 
order to remove as much water as possible, the residue was taken 
up in benzene and the latter removed by distillation under reduced 
pressure, the operation being repeated several times. On stand- 
ing, beautiful colorless néedles settled out on the walls of the flask. 
The contents of the flask were then dissolved in a large excess of 
acetone. Only a small part remained insoluble. As a rule, 2.0 
gm. of the acid were used for each experiment. For the extraction 
with acetone several experiments were combined. The hot acetone 
extract was allowed to concentrate in a vacuum desiccator. The 
first crystals which formed on standing were composed in the 
main of the acid. From the mother liquor the lactone crystal- 
lized in heavy crystals, about four or five crops of crystals 
being obtained. For final purification it required five recrystalli- 
zations. Only then did the substance acquire a rather sharp melt- 
ing point of 95-97° (uncorrected). The composition of the sub- 
stance was the following. 


4.475 mg. substance: 7.310 mg. CO, and 2.575 mg. H.0. 
CsH100;. Calculated. C 44.42, H 6.21. 
Found. “ 44.54, “ 6.19. 


The rotation of the substance was 


= _ +1.36° X 100 


la), 1x3 = + 68.0° (in water). 





4a 6 = S&S. 4 ~*~ 6 
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Trimethyl-d-glucodesonic Lactone <1,4>.—The above lactone was 
methylated once with methyl iodide and silver oxide first in 
acetonic solution and the product of this methylation remethylated 
directly in methyl iodide solution. 4.0 gm. of the crystalline 
lactone were dissolved in acetone and methylated with an excess 
of methyl iodide. The product of the second methylation was 
concentrated to a thick syrup under diminished pressure. The 
residue was taken up in very little ether and was allowed to stand 
in a desiccator at 10°. After several hours the substance turned 
into a crystalline mass. The substance was recrystallized from 
ether. It contracted at 59° and melted at 62° (uncorrected). 
It had the following composition. 


4.710 mg. substance: 9.175 mg. CO, and 3.315 mg. H,0. 


4.280 “ “ : 14.75 “ AglI (Zeisel). 
C.H.Os3. Calculated. Cc 52.90, H 7.80, OCH; 45.55. 
Found. “ 53.12, “7.87, “ 45.34. 


There was no decisive rotation in chloroform. 
The rotation was 


+ 0.43° X 100 


rr = + 21.5° (in benzene). 


[a] = 
Trimethyl-d-M ethyglucodesoside—The methy! 2-desoxy-d-gluco- 
side used in this experiment was prepared according to the direc- 
tions of Bergmann and coworkers.‘ Without any purification 
other than the removal of the hydrochloric acid and the solvent, 
the glucoside was methylated with dimetbyl sulfate and sodium 
hydroxide in the usual manner. For 10 gm. of the glucoside, 84 
ec. of dimethyl sulfate and 84 cc. of 30 per cent sodium hydroxide 
were used. : 
The reaction flask was fitted with two graduated funnels, a 
return condenser, and a mechanical stirrer. 10 gm. of the gluco- 
side were dissolved in 10 cc. of water and transferred into the 
reaction flask. 10 ec. of sodium hydroxide were then introduced 
through one of the dropping funnels and the mixture was heated 
to 50° in a water bath. The dimethyl sulfate and the sodium 
hydroxide were then allowed to flow at equal rate each from a 


4 Bergmann, M., Schotte, H., and Lechinsky, W., Ber. chem. Ges., 55, 
169 (1922). 
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separate funnel into the rapidly stirred solution. Care was taken 
to keep the solution slightly alkaline throughout the reaction. 
The water bath was maintained at 50° during the first half of 
the reaction, and at 60° during the latter half. When all the alkali 
and dimethyl sulfate had been added, the mixture was heated for 
another half hour to decompose all the dimethyl sulfate. The 
glucoside was then extracted with chloroform and the solution was 
washed free of alkali and dried over sodium sulfate. The chloro- 
form was removed and the glucoside distilled under a pressure of 
0.35 mm. It distilled at 86-90°. The rotatory power of the 
glucoside varied with the different preparations, ranging from 
lal? = +64° to [a]? = +97° (in chloroform). The relative 
amount of a and 8 forms obviously varied with the various experi- 
ments. The pure methylated glucoside analyzed as follows: 


5.690 mg. substance: 11.180 mg. CO, and 4.570 mg. H,0. 


0.1053 gm. a : 0.4487 gm. AgI (Zeisel). 
CioH200;. Calculated. C 54.54, H 9.09, OCH; 56.31. 
Found. ** 54.34, 9.01, “ 56.24. 


Trimethyl-d-Glucodesose.—10 gm. of trimethyl-2-desoxymethyl- 
d-glucoside were dissolved in 200 cc. of hot 0.1 N hydrochloric acid 
and heated for 10 minutes on the steam bath. The solution was 
cooled, treated with an excess of silver sulfate, and the filtrate freed 
from sulfuric acid and evaporated to dryness under reduced pres- 
sure. The residue was taken up in warm ether and filtered. The 
filtrate was transferred to a beaker and evaporated to dryness in 
a vacuum desiccator. The residue, obtained in a good yield, 
crystallized spontaneously. It was recrystallized from a mixture 
of ether and petrolic ether. When pure it melted at 58-61° and 


showed a rotation of 


2.30° 100 * 
ole = aoe, 7 te Gn mater 
r 1.28° & 100 iid P 
s+ 1.28) X 100 = + 33.1° (at equilibrium in water). 


len = 7 x 3.864 


It analyzed as follows: 


5.045 mg. substance: 9.705 mg. CO, and 3.935 mg. H.0. 
5.000 “ " : 17.110 “ AglI (Zeisel). 
CoH,30;. Calculated. Cc 52.42, H 8.73, OCH; 45.14. 
Found. “ 62.45, “8.72, “ 45.17. 
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Trimethyl-d-Glucodesonic Acid.—The procedure for the oxida- 
tion of trimethyl-2-desoxy-d-glucose was similar to that used for 
the oxidation of 2-desoxy-d-glucose. Slight modifications were 
made, however: Solution B was added in the course of 5 minutes 
and the reaction was allowed to proceed for 5 minutes more before 
the lead carbonate and sulfuric acid were added. The proportions 
of the various reagents used were exactly the same. The salt, 
which was obtained as a viscous residue after evaporation to dry- 
ness, was taken up with a little dry methyl alcohol and filtered. 
The filtrate was concentrated and then poured into a mixture of 
methyl alcohol and ether. The Ba salt separated as a white 
amorphous powder. It was pure without further treatment as 
indicated by the analysis: 


7.170 mg. substance: 9.680 mg. CO, and 3.650 mg. H:0. 


11.030 “ “ : 4.530 “ BaSO,. 
(CsH170¢)2Ba. Calculated. C 37.26, H 5.90, Ba 23.70. 
Found. ** 36.81, ‘* 5.69, ‘“ 24.16. 


This salt showed the following rotation. 


» _ +1.45° x 100 


[a]; = 2 x 4000 = + 18.1° (in water). 


The acid showed the following rotations. 
0.0914 gm. of salt was dissolved in 1 equivalent of 0.1 N hydro- 
chloric acid and the solution was diluted to 5 cc. with water. 


« _ +.0.62° x 100 


i" “Sxias =: 


0.0756 gm. of salt was dissolved in 1 cc. of 36 per cent hydro- 
chloric acid (excess) and the solution was diluted to 2.5 ee. 
with water. 

= _ + 1.34 X 100 — 
[a], = “7 xX 2.3184 + 57.8°. 

Trimethyl-d-Glucodesonic Lactone <1,5>.—The above barium 
salt was dissolved in water and the barium removed quantitatively. 
The solution was then concentrated under reduced pressure. The 
residue did not dissolve completely in ether; hence it was taken 
up in acetene and concentrated at 0.02 mm. pressure, the tem- 
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perature of the bath being 80°. This residue analyzed fairly well 
for the lactone (C = 52.81 and H = 7.48). The substance was 
then taken up in ether and the solution filtered from a slight 
insoluble precipitate. The ether was then removed by distilla- 
tion and the residue distilled. It boiled at 137° under a pressure 
of 0.02 mm. This boiling point, however, is not regarded as 
definitely correct in view of the small quantity of material avail- 
able. The distillate analyzed correctly for the lactone. 


4.870 mg. substance: 9.470 mg. CO2 and 3.500 mg. H;0. 


CsHyO;. Calculated. C 52.90, H 7.80. 
Found. “* 53.02, “‘ 8.04. 


The rotation of the substance was as follows: 


3.5° 100 ‘ 
[a] a are ae = + 87.5° (in chloroform). 
»  +.0.90° x 100 ' 
- Tow Xm. + 88.2° (in benzene) 


lel = “TX 1.02 
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(Fotrx and SvEDBERG) 
715 


— nitrogen determination, 
micro, unlaked (Foun 
and SVEDBERG) 85 

Sugar determination, 
micro, unlaked (FoLIn 
and SVEDBERG) 85 

Unlaked, non-protein nitro- 
gen determination, micro 
(Fotry and SvEDBERG) 

85 

—, sugar determination, 
micro (Fouin and Svep- 
BERG) 85 

—, urea determination, 
micro (Fourn and Svep- 
BERG ) 85 

—, uric acid determination, 
micro (FoLIN and SvEp- 
BERG) 85 


Urea determination, dis- 
tillation method (Foun 
and SVEDBERG) 


77 











Subjects 


Blood—continued: 

Urea determination, mi- 
cro, unlaked (Fourn and 
SVEDBERG) 85 

—., lactation, varying pro- 
tein diet (PARsoNs) 

311 

— nitrogen, determination, 
direct Nesslerization 
(Looney) 189 

—, pregnancy, varying pro- 
tein diet (PARSONS) 


Uric acid determination, 
micro, unlaked (Foi 
and SVEDBERG) 85 

Blood cell: 

Non-protein constituents, 
diffusible, distribution, 
blood plasma and (Foi 
and SVEDBERG) 715 

Blood plasma: 

Calcium-raising principle, 

parathyroid glands. I 


(TWEEDY) 649 
— —, — —, preparation 
(TWEEDY) 649 
— —, — —, properties 
(TWEEDY) 649 


Hydrogen ion concentra- 
tion determination, quin- 
hydrone electrode(Laua) 

551 

Lipid, fasting (GLUsKER) 

381 

—, postabsorptive state 
(GLUSKER) 381 

Non-protein constituents, 
diffusible, distribution, 
corpuscles and (Foun 


and SvEDBERG) 715 
Blood serum: 

Calcium (Morcuuis and 

PERLEY) 169 


—, parathyroid hormone, 
effect (Morcuiis and 
PERLEY) 169 








| 
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Blood serum—continued: 
Calcium, rickets, phos- 
phorus administration 
effect (HAMILTON, KaJpI, 
and MEEKER) 331 
—, rickets, spontaneous 
healing effect (Hamm- 
TON, Kasp1, and 
MEEKER) 331 
, —, treatment effect 
(Hamitton, Kasp1, and 
MEEKER) 331 
Hydrogen ion concentra- 
tion determination, 
quinhydrone _ electrode 
(Lava) 551 
Sulfate, inorganic, determi- 

nation (HUBBARD) 


Bromide(s): 
Biological material, deter- 
mination (Ber, Pat- 
MER, and CLARKE) 


Determination, biological 
material (BEHR, PALMER, 


and CLARKE) 131 
Cc 
Calcium : 
Blood serum (Morcuuis 
and PERLEY) 169 





—, parathyroid hor- 
mone, effects (MorRGULIS 
and PERLEY) 169 
— —, rickets, phosphorus 

administration effect 

(Hamitton, Kagsp1, and 

MEEKER) 331 
» —y, Spontaneous 

healing effect (HaAmmIL- 

TON, Kasp1, and MEE- 

KER) 331 
— —, —, treatment effect 

(HamILtTon, Kasp1, and 

MEEKER) 331 








808 Index 


Calcium—continued: 
Cerebrospinal fluid (Mor- 
GULIS and PERLEY) 
169 
— —, parathyroid hor- 
mone, effect (MorGuULIS 


and PERLEY) 169 
-Raising principle, blood 
plasma, parathyroid 
glands. [(Tweepy) 649 
— —, — —, parathyroid 
gland, preparation 
(TWEEDY) 649 
— —, — —, parathyroid 
gland, properties 
(TWEEDY) 649 


Retention, fat diet (Mat- 
LON, JORDAN, and JOHN- 


SON) 163 
Cerebrospinal fluid: 

Calcium (Moreuuis and 

PERLEY) 169 


—, parathyroid hormone, 
effect (MorcuLis and 
PERLEY) 169 

Chemical constitution: 

Glutathione (KENDALL, 
Mason, and McKen- 
ZIE) 409 

— (NICOLET) 389 

Methylglucodesosides, 
ring structure (LEVENE 
and MikEesKA) 791 

Chemical structure: 
See Chemical constitu- 





tion. 
Chloride: 

Achlorhydria, — excretion 
(HvusBarp) 361 

Excretion, achlorhydria 
(HuBBARD) 361 

Cholesterol : 

Determination, micro, by 
digitonide oxidation 
(Oxry) 367 

Growth influence (S1n- 
CLAIR) 575 








Condensation: 

Polymerization and. VI 

(LEVENE and WALT!) 
771 
Conductance: 

Aspartic acid and mono- 
sodium salts (HoskINs, 
RANDALL, and Scum1pT) 

215 

Glutamie acid and mono- 
sodium salts (Hoskrns, 
RANDALL, and ScumipT) 

215 
Conductivity assembly: 
Biological fluids (SuNDER- 


MAN) 61 
Copper: 
Liver, infant (Morrison 
and Nass) 479 
Corpuscle: 
Blood. See Blood cell. 
Cymarin: 
Allo- (JAcoBs) 519 
Enzyme isomerization 
(JACOBS) 519 
Isomerization, enzyme 
(JACOBS) 519 
Cysteine: 
Thiohydantoin (NIcoLeT) 
395 
— derivatives, alkaline 
action (NICOLET) 403 
Cystine: 


-Deficient diet, hair growth, 
relation (BEADLEs, Bra- 
MAN, and MITCHELL) 

623 

Proteins, peas, deficiency 

(BEADLES, BRAMAN, and 


MITCHELL) 615 
—, potato, deficiency 
(BEADLES, BRAMAN, and 
MITCHELL) 615 
Thiohydantoin wee 

395 


—, derivatives, alkali ac- 
tion (NICOLET) 403 














Subjects 


D 


Diet: 

Cystine-deficient, hair 
growth, relation (Brap- 
LES, BRAMAN, and Mirt- 
CHELL) 623 

Fat-high, calcium reten- 
tion (MALLoN, JORDAN, 
and JOHNSON) 163 

Fat-low, calcium retention 
(MALLON, JORDAN, and 
JOHNSON) 163 

Protein, blood urea, lacta- 
tion, relation (Parsons) 

311 

—, — urea, pregnancy, 
relation (PARSONS) 

311 


Digitalis: 
Glucosides. V  (JacoBs 
and GustTus) 531 


Sapogenin (Jacoss and 


FLEcK) 545 
Tigogenin (JacoBs and 
FLEcK) 545 


5, 6-Dihydroxyhexanone-2: 
(LEVENE and WALT!) 
771 
Diiodotyrosine: 
Dissociation constants, ap- 
parent (Da.ton, Krrx, 
and ScHMIDT) 8 
Heat of ionization, appar- 
ent (DauTon, Kirk, and 
ScHMIDT) 589 
— — solution (DaLTon, 
Kirk, and Scumipt) 


Dissociation constant(s) : 


Apparent, arginine 
(ScumMipT, Kirk, and 
APPLEMAN) 285 


—, diiodotyrosine (Dat- 
TON, K1rK, and ScumiptT) 
589 





809 


Dissociation constant(s)—con- 
tinued: 
Apparent, lysine (ScHMIDT, 
Kirk, and APPLEMAN) 


285 

Drying: | 
Vitamin A, fruits, effect 

(MorGan and FIetp) 

9 
Dye: 
Gelatin granules, combi- 
nation (Rawiins and 
ScHMIDT) 271 


E 


Electrode: 

Glass, potentials, measure- 
ment (FosBINDER and 
ScHOONOVER) 605 

—, vacuum tube poten- 
tiometer for (DuBots) 


Quinhydrone, hydrogen ion 
concentration determi- 


nation, blood plasma 
(Lava) 551 
—, — — — determina- 
tion, blood serum (Lava) 
551 
Enzyme: 

Cymarin, isomerization 
(JACOBS) 519 
Isomerization, | cymarin 
(JACOBS) 519 
—, strophanthidin 
(JACOBS) 519 
Proteolytic, titration, 


Gates method (GrLMAN 
and CowGILL) 743 
Purification (SHERMAN, 
CALDWELL, and ApDAMs) 
295 
Strophanthidin, isomeriza- 
tion (JAcoBs) 519 
See also Amylase, Nucleo- 
tidase. 








810 
Ergosterol: 
Iso-, vitamin D relation 
(Cox and BILLs) 
709 
Isomerization (BILLs and 
McDona.Lp) 337 
—, fullers’ earth (Mc- 
Dona.p and BILLs) 
601 
Excretion: 
Chloride, achlorhydria 
(HvuBBarD) 361 
F 
Fasting: 
Blood plasma lipid (GLus- 
KER) 381 
Fat: 


-High diet, calcium reten- 
tion (MALLON, JORDAN, 
and JOHNSON) 163 

-Low diet, calcium reten- 
tion (MALLON, JORDAN, 





and JOHNSON) 163 
-Soluble vitamins. XXX 
(STEENBOCK, Hart, 
HaANNING, and Hvum- 
PHREY) 197 
Feterita: 
Prolamin (JONES and 
CsonkKA) 305 
Fruit: 


Vitamin A, drying effect 
(MorGan and FIetp) 
9 


— —, sulfur dioxide effect 
(MorGan and FYIEetp) 


9 
—, dried. II (MorGan 
and Fre.p) 9 
G 
Gates: 


Enzyme, proteolytic, titra- 
tion (GitmaNn and Cow- 
GILL) 


743 











Index 


Gelatin: 

Granules, dyes, combina- 
tion (Rawuins_ and 
ScuMIDT) 271 

Gitoxigenin: 

Isomerization (JAcoBs and 
GustTus) 531 
Oxidation (Jacoss and 
Gustus) 531 

Globulin : 


Banana seeds, crystalline 
(KEENAN and WILDMAN) 


425 
Glucal(s): 

Substituted, benzoic per- 
acid action (LEVENE and 
RAYMOND) 513 

Glucodesoside: 

Methyl-, ring structure 

(LeEVENE and MriKeskKa) 
791 
Glucoside: 

Digitalis. V (Jacoss and 

GustTus) 531 


Glutamic acid: 

Activity coefficient (Hos- 
KINS, RANDALL, and 
ScHMIDT) 215 

Conductance (HoskINs, 
RANDALL, and ScHMIDT) 

215 

Monosodium salts, activity 
coefficient (Hoskins, 
RANDALL, and ScHMIDT) 

215 

— —, conductance (Hos- 
KINS, RANDALL, and 
ScHMIDT) 215 

Glutathione: 

IV (KENDALL, Mason, and 
McKenzie) 409 

Structure (KENDALL, Ma- 
son, and McKenzie) 

409 


— (NICOLET) 389 















































Subjects 


Growth: 
Cholesterol influence (Srn- 
CLAIR) 575 
Phospholipid influence 
(SINCLAIR) 575 
H 
Hair: 
Cystine-deficient diet, 


growth, relation (BrEa- 


DLES, BRAMAN, and 
MITCHELL) 623 
Growth, cystine-deficient 


diet, relation (BEADLEs, 
BRAMAN, and MITCHELL) 
623 
Heat of ionization: 
Amino acids (ScHMrpT, 
Kirk, and APPLEMAN) 
285 
Apparent, diiodotryrosine 
(DatTon, Kirk, and 
ScHMIDT) 589 
Heat of solution: 
Diiodotyrosine (DaLrTon, 
Kirk, and ScuMIpDT) 
589 
Hederagenin: 
Dehydrogenation, partial 
(Jacops and FLeEck) 


153 

Hemorrhage: 
Anemia, lipemia (JOHAN- 
SEN) 669 


Holcus sorghum: 
See Feterita. 
See Milo. 
Hydrogen ion concentration: 
Blood plasma, determina- 
tion, quinhydrone elec- 
trode (Laua) 551 
— serum, determination, 
quinhydrone _ electrode 
(Lava) 551 
Determination, blood plas- 
ma, quinhydrone elec- 
trode (Laue) 551 
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Hydrogen ion concentration— 

continued: 
Determination, blood se- 
rum, quinhydrone elec- 


trode (Lava) 551 
Hyperparathyroidism: 

Ostitis fibrosa cause (Bo- 
DANSKY, Buarr, and 
JAFFE) 629 

I 
Intestine: 

Nucleotidase (LEVENE and 

DILLon) 753 
Iodine: 

Blood, determination, 
colorimetric, micro 
(TURNER) 497 

Determination, colorime- 
tric, micro, blood (Tur- 
NER) 497 

Iron: 


Amino acids, combination 
(SMyTHE and ScuMipT) 


241 
Proteins, combination 
(SMyTHE and ScuMipT) 
241 
Irradiation: 


Yeast, antirachitic value of 
milk, cow fed on (STEEN- 
Bock, Hart, HANNING, 
and HumpuHRrey) 

197 

—, cow fed on, antirachitic 
value of milk (STEEN- 
Bock, Hart, HANNING, 
and HumpHRey) 


197 
Isoergosterol(s) : 
Vitamin D relation (Cox 
and BIL1s) 
709 








812 


L 


Lactation: 
Blood urea, varying pro- 
tein diet, effect (PaARsoNs) 
311 


Lactic acid: 
Oxidation, mechanism 
(ConanT and TONGBERG) 
701 


Lipemia: 
Anemia, 
(JOHANSEN) 
Lipid: 
Blood plasma, fasting 
(GLUSKER) 381 
— —,_ postabsorptive 
state (GLUSKER) 381 
Liver: 
Acid active in pernicious 
anemia, crystalline de- 


hemorrhagic 
669 


rivative (West and 
Howe) 427 
Copper, infant (MorrIson 
and Nass) 479 
Lung-fish: 


Metabolism (SmirH) 


Protopterus zethiopicus, 
metabolism (SmirTH) 
97 
Lysine: 


Dissociation constants, ap- 
parent (ScumipT, Kirk, 
and APPLEMAN) 

285 


M 


Manganese: 
Animal materials, deter- 
mination (SKINNER and 
PETERSON) 347 


Determination, animal 


materials (SKINNER and 
PETERSON) 


347 








Index 


Metabolism: 
Intermediary, uracil(CERrE- 
CEDO) 695 
Lung-fish (SmiTH) 
97 
Phospholipids. II (Srn- 
CLAIR) 575 
Tributyrin (Davis) 
Uracil, intermediary 
(CERECEDO) 695 
Methylglucodesoside: 


Ring structure (LEVENE 
and MikesKa) 791 
Milk: 


Antirachitie value, cow fed 
irradiated yeast (STEEN- 
Bock, Hart, HANNING, 


and HumMpHREyY) 197 
Milo: 

Prolamins (JONES and 

CsonKA) 305 
N 
Nitrogen: 

Non-protein, blood, un- 
laked, determination, 
micro (Fourn and Svep- 
BERG) 85 


—, determination, micro, 
unlaked blood (Fon 
and SVEDBERG) 85 

Urea, blood, determina- 
tion, direct Nessleriza- 


tion (LoonEy) 189 
Nucleotidase: 
Intestinal (LEvVENE and 
DILion) 753 
O 


Optical rotation: 
Disubstituted acetic acids 
with phenyl group, sub- 
stituting groups, influ- 
ence (LEVENE, MIKESKA, 
and PassoTH) 27 
See also Walden inversion. 











Subjects 813 
Ostitis fibrosa: Phosphorus: 
Hyperparathyroidism, Blood serum calcium, 
effect (BoDANSKY, rickets, administration 
Buarr, and JAFFE) effect (HAMILTON, KaJop1, 
629 and MEEKER) 331 
Pigment: 
Pp Urine, normal. III 
(DRABKIN) 433 
Pancreas: —,—. IV (Drasxry) 
Amylase, purification 443 
(SHERMAN, CALDWELL, —, —, extraction (DraB- 
and ADAMs) 295 KIN) 433 
Parathyroid: —, —, properties (DraB- 
Gland, blood plasma cal- | p, _KIN) 443 
cium-raising principle. I - h : 
(TwEEpy) 649 sh, acid-base balance, 
ate determination (FREAR) 
~ << — principle, 675 
preparation (TWEEDY) Polymerization: 
: 649 Condensation and. VI 
— — — —_ prince, (LEVENE and Watt!) 
properties (TWEEDY) 771 
Potato: 


Hormone, calcium, blood 
serum, effect (MorGuULIS 
and PERLEyY) 169 

—, —, cerebrospinal fluid, 
effect (MorcGutis and 
PERLEY) 169 


Pea: 
Protein, cystine deficiency 
(BEaDLEs, BRAMAN, and 


MITCHELL) 
615 
Pentosuria: 
Sugar, nature (GREEN- 
WALD) 
Peptic activity: 
Determination (GILMAN 
and CowGILL) 743 
Phospholipid: 
Growth influence (S1v- 
CLAIR) 575 
Metabolism. II (Smr- 
CLAIR) 575 





Protein, cystine deficiency 
(BEaDLeEs, BRAMAN, and 
MITCHELL) 615 

Potential: 

Glass electrode, measure- 
ment (FosBINDER and 
ScHOONOVER) 605 

Potentiometer: 

Vacuum tube, for glass 
electrode (DuBots) 

729 


Pregnancy: 
Blood urea, varying pro- 
tein diet, effect (Par- 


SONS) 311 
Prolamin: 
Feterita (Jones and 
CsonKA) 305 
Milo (Jones and CsonxKa) 
305 
Protein(s) : 


Diet varying in, blood urea, 
lactation, relation (Par- 
SONS) 31l 
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Protein(s)—continued: 
_ Diet varying in, blood urea, 


pregnancy, relation 
(Parsons) 311 
Iron, combination (SMYTHE 
and ScHMIDT) 241 


Non-, constituents, diffus- 
ible, blood (Foun and 
SVEDBERG) 715 

—, —, —, —, distribution 
( Foun and SvVEDBERG) 

715 

Pea, cystine deficiency 
(BEADLES, BRAMAN, and 
MITCHELL) 615 

Potato, cystine deficiency 
(BEADLES, BRAMAN, and 
MITCHELL) 615 

Proteolysis: 

Enzyme titration, Gates 
method (GmmMaAN_ and 
CowGILL) 743 

Protopterus zthiopicus: 

See Lung-fish. 


Pyrimidines: 
Physiology. III (Crre- 
CEDO) 695 
Q 
Quinhydrone: 
Electrode, hydrogen ion 


concentration determi- 
nation, blood plasma 
(Lava) 551 
—, — — — determination, 


blood serum (Lave) 
551 


R 


Retention: 
Calcium, fat diet (Mat- 
LON, JORDAN, and JOHN- 
SON) 163 


Rickets: 
Antirachitic substances. X 
(Cox and BILts) 709 





Rickets—continued: 

Blood serum calcium, 
phosphorus administra- 
tion effect (Hamitton, 
Kasp1, and MEEKER) 

331 

—_ —, spontaneous 
healing effect (HAmIL- 
TON, Kaspr, and M&E- 
KER) 331 

— — —, treatment effect 
(HamiLtTon, Kasp1, and 
MEEKER) 331 

Milk, cow fed irradiated 
yeast, antirachitic value 


(STEENBOCK, Hart, 
Hanninc and Hvm- 
PHREY) 197 
Ss 
Sapogenin: 
Digitalis (Jacops and 


FLECK) 545 
Saponin(s): 
V (Jacoss and FLEck) 
153 
Statistics: 
Vitamin feeding experi- 
ments, data. I (IRwIN, 
BranptT, and NELson) 


449 
——-—,—. II (Irwin, 
BranptT, and NELsoNn) 
461 
— — —, measured varia- 
bles, per cent effect 
(IrwInN, BRanpT, and 
NELSON) 449 
— —-—, number of animals 
(IRWIN, BranpT, and 
NELSON) 461 
Strophanthidin: 
Allo-(JacoBs) 519 
Enzyme isomerization 
(JACOBS) 519 
Isomerization, enzyme 
(JACOBS) 519 
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Subjects 815 


Strophanthin : 

XVIII (Jacoss) 

519 
Sugar: 

Blood, unlaked, determi- 
nation, micro (FoLIN and 
SVEDBERG) 85 

Determination, micro, un- 
laked blood (FoLin — 


SVEDBERG) 
Pentosuria, 
WALD) 1 
Sulfate: 


Inorganic, blood serum, de- 

termination (HUBBARD) 

663 

—, determination, blood 
serum (HUBBARD) 

663 


Sulfur dioxide: 
Vitamin A, fruits, effect 
(MorGan and FIe.p) 


rs 
Thiohydantoin : 
Cysteine (NICOLET) 
395 
Cystine (NICOLET) 
395 
Derivatives, cysteine, 
alkali action (NIcOLET) 
403 
—, cystine, alkali action 
(NICOLET) 403 
Tigogenin: 
Digitalis (Jacoss and 
FLECK) 545 
Tributyrin : 


Metabolism (Davis) 


Tryptophol: 
Synthesis (Jackson) 
659 


Tubercle bacillus: 
Chemistry. I (Cooper) 
4 





Tubercle bacillus—continued: 
Chemistry. II (Coopsrr) 


493 
Tyrosine: 

Diiodo-, dissociation con- 
stants, apparent (DaL- 
TON, Kirk, and ScHMipT) 

589 

—, heat of ionization, ap- 
parent (Daron, Kirk, 
and ScHMIDT) 589 

—,—— solution (DaLTon, 
Kirk, and ScumipT) 


589 
U 
Uracil: 
Metabolism, intermediary 
(CERECEDO) 
Urea: 


Blood, determination, dis- 
tillation method (Fo.Lin 
and SVEDBERG) 77 

—, lactation, varying pro- 
tein diet (PARSONS) 


311 

—, pregnancy, varying 
protein diet (Parsons) 
311 


—, unlaked, determina- 
tion, micro (Foun and 
SVEDBERG) 85 

Determination, _ distilla- 
tion method, blood (Fo- 
LIN and SVEDBERG) 


—, micro, unlaked blood 

(FouiIn and SvEDBERG) 

85 

Nitrogen, blood, determi- 

nation, direct Nessleri- 
zation (LOONEY) 


189 

—, determination, direct 
Nesslerization, blood 
(Looney) 189 
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Uric acid: 

Blood, unlaked, determina- 
tion, micro (FoLIn and 
SVEDBERG) 85 

Determination, micro, un- 
laked blood (Fourn and 





SVEDBERG) 85 
Urine: 
Pigment, normal. III 
(DRABKIN) 433 
—,—. IV (Drasxrin) 
443 
—, —, extraction (DRaB- 
KIN) 433 
—, —, properties (DRaB- 
KIN) 443 
V 
Vitamin(s) : 


A and D, differentiation, 
quantitative. II (Suer- 
MAN and STIEBELING) 


683 | 


A, drying effect, fruits 
(MurGAN and FIELD) 
9 


—, sulfur dioxide effect, 
fruits (MorGgan and 
FIELD) 9 

D and A, differentiation, 
quantitative. II (SHmr- 


MA and STIEBELING) 
683 


D, isoergosterols, relation 
(Cox and Br11s) 


709 





Index 











Vitamin (s)—continued: 
Fat-soluble. XXX (STEEN- 
BocK, Hart, HANNING, 
and HumpHrey) 

197 
Feeding experiments, meas- 
ured variables, per cent 
effect (IRwIn, BRANDT, 
and NELson) 449 
— —, number of animals 
(Irwin, BRaANpT, and 
NELSON) 461 
— —, statistics. I (Irwin, 

Branpt, and NELson) 
449 
—, — II (Irwiy, 

Branpt, and NELson) 
461 
Fruits, dried. II (Mor- 
GAN and Fre.p) 9 


W 


Walden inversion : 
XIV (Levene, MIKEsKA, 
and PassoTtH) 


27 
Y 
Yeast: 

Irradiated, antirachitic 
value of milk, cow fed on 
(STEENBOCK, Hart, 
HANNING, and Hvum- 
PHREY) 197 


—., cow fed on, antirachitic 
value of milk (STEEN- 
Bock, Hart, HANNING, 
and HumMPHREY) 

197 








